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THE EXOERYTHROCYTIC CYCLE OF PLASMODIUM CYNOMOLGI AND 
P. CYNOMOLGI BASTIANELLII IN THE RHESUS MONKEY 


DON E. EYLES 


Laboratory of Parasite Chemotherapy, National Institute of Allergy and Infectious Diseases* 


In 1948 Shortt and Garnham! at the London 
School of Hygiene and Tropical Medicine de- 
scribed preerythrocytic stages of Plasmodium 
cynomolgi in the liver of the rhesus monkey 
(Macaca mulatta). Hawking et al.? at the National 
Institute for Medical Research in London re- 
ported later the same year that they found 
similar parasites in monkey tissue studied by 
them. Subsequently the group of investigators 
at the London School extended their work on 
P. cynomolgi and also described exoerythrocytic 
stages of a number of other primate malarias 
including all of those of man. 

So far only Hawking et al. have confirmed the 
work of Shortt and Garnham on P. cynomolgi. 
Indeed, the only other published verification for 
any of the primate malarias by investigators not 
associated with the London group is the report 
of Jeffery e al. from our organization, on 
Plasmodium falciparum in man. 

In spite of the fact that most workers have 
accepted these findings, some parasitologists 
have doubted their validity. Coulston and 
Robinson, in an abstract of a paper presented 
before the American Society of Parasitologists 
in Cleveland in 1950, stated they had seen 
bodies “resembling some of the six to ten day 
exoerythrocytic stages of Plasmodium cyno- 
molgi described by others in the liver and spleen 
of both normal and infected monkeys.’” 

Huff® in 1950 expressed an attitude of sus- 
pended judgment regarding the validity of these 
forms, and drew attention to the fact that 
control experiments involving the inoculation of 
uninfected mosquito tissue had not been re- 
ported at that time. Bray® stated that control 
experiments had been done by both Shortt and 
Garnham, but he did not give sufficient detail 
to allow evaluation. Shortt, Bray and Cooper,’ 
cited by Bray, reported an experiment in which 
500 uninfected Anopheles maculipennis mos- 

* From the Section on Cytology located at the 


Medical School of the University of Tennessee, 
874 Union Avenue, Memphis 3, Tennessee. 


quitoes were fed on an uninfected monkey after 
which 433 mosquitoes from the same lot were 
ground up whole in Locke’s fluid and the sus- 
pension injected intraperitoneally into a monkey. 
The animal was autopsied 7 days later and 300 
sections from the liver (400 sq cm of section 
area) were examined. No structures which could 
be confused with parasites were seen. 

This paper will report (1) the absence of 
structures resembling tissue parasites of P. 
cynomolgi following the introduction of unin- 
fected mosquito tissue; (2) studies which confirm 
in all essentials the work of Shortt and Garnham 
following introduction of sporozoites; and (3) 
additional information on these tissue parasites. 


MATERIALS AND METHODS 


Two strains of Plasmodium cynomolgi were 
used. One strain of typical P. cynomolgi, here- 
after designated as the TC strain, was obtained 
through the courtesy of Dr. Leon Schmidt. The 
history of this strain is summarized by Schmidt 
et al.;? it has been maintained through several 
hundred passages by blood inoculation during 
the past 17 years. The other strain was obtained 
from Professor P. C. C. Garnham and has been 
described by him recently as P. cynomolgi sub- 
species bastianellit.2 It was introduced into the 
laboratory recently, and is hereafter referred to 
as the bastianellii strain or as subspecies bastianel- 
lit. 

These strains have been maintained in this 
laboratory by blood passage in young rhesus 
monkeys (Macaca mulatta) weighing 2 to 3 kg. 
Sporozoites for experiments were obtained by 
feeding insectary-reared Anopheles quadrimacu- 
latus and A. freeborni mosquitoes on infected 
monkeys. 

To infect mosquitoes for the experiments, 500 
to 1,000 pupae were allowed to emerge in 1-foot 
cube cages. After 4 or 5 days, sugar water was 
withdrawn and the mosquitoes were allowed to 
feed on infected monkeys the following day. The 
monkeys were tied down on an animal board 
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with a large hole just under the abdomen of the 
monkey. The board was placed on top of the 
mosquito cages, so that mosquitoes could feed 
on the abdomen of the monkey. Sparine was 
occasionally used to quiet the monkeys and was 
very useful for this purpose. 

Fully engorged female mosquitoes were re- 
moved from the large cage and placed in small 
cylindric cages made from 1l-pint ice cream 
containers, about 30 per cage. These mosquitoes 
were kept at 77 + 3°F until sporozoites appeared 
in the glands, usually in 12 to 14 days. A pledget 
of cellucotton saturated with 5% Blue Label 
Karo syrup in water was put on each small cage 
daily. 

Donor monkeys were selected by counting the 
gametocytes on thin films. Most monkeys selected 
for feeding had 10 or more gametocytes per 100 
white blood cells. The TC strain generally in- 
fected mosquitoes best during the initial rise of 
parasitemia; whereas, bastianellit 
appeared to be most infective during a secondary 
rise which occurred 7 to 10 days after the first 
peak. Total parasite counts per cmm were 
made on the monkeys utilizing the Earle 
Perez” thick film method. 

After mosquitoes were fed on monkeys the 
progress of the infection was followed by means 
Infections 


subspecies 


also 
and 


of odcyst counts. were considered 
satisfactory if the majority of the mosquitoes 
were infected and the average number of cysts 
was 20 or more. Sporozoites generally reached 
the glands in appreciable numbers after 12 to 14 
days. They were then available for experimental 
use. 

In most experiments involving the exoeryth- 
rocytic parasites, monkeys inoculated 
intravenously with minced, dissected mosquito 
glands suspended in 10% 
Dissection 


were 
salivary monkey 
serum-saline 
were used and the glands were expressed from 


medium. microscopes 
the thoraces of the mosquitoes by applying light 
pressure after the removal of the head. The 
glands and a small amount of associated tissue 
were picked up on the tip of the dissection needle 
and placed in the chilled medium in an ice bath. 
Generally the glands were kept for 2 hours or 
less before injection and if large numbers of 
mosquitoes were involved, multiple injections 
were used. The glands were lightly minced by 


drawing them in and out of a syringe just before 


injection. The glassware used was siliconized to 
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minimize wetting and adherence of sporozoites 
to the glass. 

The lightly minced glands were then injected 
intravenously into the monkey via the saphenous 
vein. Penicillin (200,000 units) and dihydro- 
streptomycin (250 mg) were generally given 
intramuscularly at the time of inoculation. No 
evidence of distress was shown by the monkeys 
even when thousands of glands were injected. 

To avoid any uncertainty as to the age of the 
parasites seen, only inoculations on a single day 
were practiced in all experiments. 

Liver biopsies were performed on the monkeys 
at selected intervals in accordance with the 
purposes of the experiments. Anesthesia was 
produced by intravenous Nembutal. Ether was 
used when necessary to supplement the Nem- 
butal. A small incision was made in the abdomen 
of the monkey to expose the margin of the liver. 
About 0.5 to 1 gram of liver was taken from the 
tip of a lobe. A different lobe was used for each 
subsequent biopsy. New incisions were generally 
used for additional biopsies; however, in some 
instances the same incision was used on con- 
secutive days. 

Postoperatively, most monkeys were given 20 
to 30 ml of 5% glucose in saline as a supportive 
measure. By using the above procedures as many 
as six biopsies during a 7-day period have been 
done on a single monkey. Surgical mortality has 
been low; only a single monkey has been lost 
because of an anesthetic accident. 

The present study is based entirely on material 
fixed in Carnoy’s fluid (absolute alcohol, 6 parts; 
chloroform, 3 parts; and acetic acid, 1 part) and 
stained with Giemsa stain. Tissue was placed 
in the fixing fluid immediately after excision and 
fixed for 1.5 to 2 hours. The tissue was then 
embedded in paraffin by ordinary methods and 
sectioned at 6 yu. 

After removing the paraffin with xylol the 
sections were brought through an alcohol series 
to phosphate buffer at pH 6.8 to 7.0. After a 
minute or so slides were placed in Giemsa stain 
and allowed to remain for 30 minutes. To prepare 
the stain, 5 ml of stock Giemsa was placed in a 
vessel. Additional ingredients were added in the 
following order: 5 ml methyl alcohol, 5 ml 
acetone, and 100 ml of phosphate buffer at pH 
6.8 to 7.0. After staining, slides were washed in 
buffer for a few seconds. After thorough draining, 
the slides were placed in 15% colophonium resin 
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in acetone momentarily, then passed to a second 
dish of colophonium-acetone, the second always 
being fresh solution. After differentiation for 
about 2 minutes (depending upon observation of 
the color) the slides were placed in 70% acetone- 
30% xylol (two changes of 2 minutes each), 
followed by 30% acetone-70% xyiol for 2 minutes 
after which the slides were placed in xylol (three 
changes of 2 minutes each). Sections were then 
mounted in Permount medium for examination. 
This technique is essentially that described by 
Shortt and Cooper." 

Slides were examined with the compound 
microscope. Parasites 6 days old or older could 
be found readily by using the 16-mm objective 
with 5x oculars. Finding 5-day parasites re- 
quired the use of higher magnification. 

Quantitation of the number of exoerythro- 
cytic parasites was done by ascertaining the 
number per section. Sections varied in area but 
averaged 0.2 to 0.3 sq cm. Although six or more 
sections were generally placed on a slide, only a 
single section was counted per slide so that 
counting the same parasite twice was avoided. 
When it is stated in the text that a certain 
number of slides were examined, this means that 
a single central section was examined unless 
otherwise noted. 

Photomicrographs were taken with a Bausch 
and Lomb type H photomicrographic camera. 
Ektachrome cut film size 3 x 4.25 inches was 
used and was developed in the laboratory. 
Microscopic equipment was furnished with 
apochromatic objectives with compensating 
eye-pieces. The light source was a ribbon filament 
lamp in an ordinary microscope lamp housing. 


OBSERVATIONS 


In this study, observations were made of tissue 
from (1) normal, uninfected monkeys; (2) 
monkeys which received inoculations of unin- 
fected mosquito tissue; (3) a monkey which 
received sporozoites of P. cynomolgi by mosquito 
bite; and (4) monkeys which were inoculated 
with mosquito tissue (glands or ground mos- 
quitoes) infected with sporozoites of P. cynomolgi. 

Observations of normal, uninfected monkeys. 
Liver biopsies were done on five normal monkeys. 
These monkeys had not been used in any previous 
experimental procedures, and findings in the 
liver of these animals were considered repre- 
sentative of monkeys received by us. Fifty slides 
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TABLE 1 

Results of the inoculation, into the same monkeys, 

of uninfected mosquito salivary glands and glands 
infected with sporozoites of Plasmodium 

cynomolgi 


Salivary glands from 


f Salivary glands from 
uninfected mosquitoes 


infected mosquitoes 


| | 


No. of 
liver 
sections 
examinedt 


No. EE} No. 
para- 
sites 
seen* 


No. : 

pats eivepara 

| _Slands ex- | Sites 
injected seen 


No. pairs 
of glands 
injected | 
jaminedt| 


901 247 50 
R9 288 50 
408 | 2,026 50 0 131 

* Or structures which might be in any way con- 
fused with EE parasites. 

t Size of sections varied from 0.12 to 0.35 em? 
each. Only one section per slide was examined 
which obviated the possibility of counting the 
same parasite twice. 


were examined from each biopsy with low power. 
No structures which resembled or might be 
confused with exoerythrocytic parasites were 
seen. 

Control experiments. Experiments using in- 
fected and uninfected mosquitoes were carried 
out concurrently. Inoculations done with un- 
infected mosquitoes will be described first. 

Three experiments were done which are 
summarized in Table 1. In the first experiment 
a large number of A. freeborni mosquitoes were 
allowed to feed on an uninfected monkey. These 
were maintained in the insectary for 16 to 20 
days and the survivors dissected. Glands were 
removed by techniques identical to those used 
with infected mosquitoes. Altogether 247 pairs 
of glands were removed and injected intra- 
venously into monkey No. 901. Biopsy was 
performed on the 8th day after injection. (The 
day of an injection or inoculation is always 
considered day 0.) A total of 50 slides was 
examined. No structures resembling parasites 
were seen. 

Seven weeks later, the same monkey was 
injected with 150 pairs of infected (TC strain) 
glands from A. freeborni mosquitoes. Biopsy was 
done on the 8th day, and 106 parasites were seen 
in 30 sections. 

The second experiment was nearly identical 
to the first. A total of 288 pairs of glands from 
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uninfected A. freeborni which had fed 14 days 
earlier on an uninfected monkey was injected 
intravenously into monkey No. R9. No parasites 
were seen in 50 slides from a biopsy done on the 
8th day. Four weeks later 80 pairs of infected 
glands (TC strain in A. freeborni) were injected 
into the same monkey. Eighth-day 
revealed seven representative parasites. 

In the final experiment, 2,026 pairs of glands 
were removed from A. freeborni mosquitoes which 
had fed 12 to 14 days earlier on an uninfected 
monkey. These glands were inoculated intra- 
venously in four injections over a 6-hour period 
into monkey No. 408. Biopsy was done on the 
8th day. No parasites or structures resembling 
them were seen in 50 slides. Six months later the 
same monkey was injected with 131 pairs of 
glands from <A. quadrimaculatus mosquitoes 
infected with subspecies bastianellii. About two 
parasites per section were seen in liver biopsies 
taken on the 8th day after infection. 

Infection by mosquito bite alone. Several hundred 
lightly to heavily infected A. freeborni mos- 
quitoes were allowed to bite a small uninfected 
monkey (No. 671). Two hundred and sixteen 
showed blood in their abdomens and some 
undoubtedly had bitten several times as feeding 
was interrupted repeatedly. Probably a total 
of 500 or more bites was made over a period of 5 
hours. 

Liver biopsy was done on the 8th day after 
feeding. Fifty slides were examined for parasites 
with low power optics. A single parasite was 
found, but it was similar in all respects to the 


biopsy 


8-day parasites seen after massive intravenous 
inoculation of sporozoites. 

For comparison, monkey No. 651 was injected 
intravenously with 202 pairs of infected glands 
and 484 ground mosquitoes from the same lot of 
mosquitoes. Liver biopsy was done on the 8th 
day. Thirteen parasites were seen in 20 slides 
Thus, the 
containing 


examined. monkey injected with 


mosquito tissue sporozoites had 


approximately 30 times as many exoerythrocytic 


parasites as did the monkey infected by bites 
alone. This accords well with the hypothesis that 
the mosquito injects only a small proportion of 
the sporozoite content of the glands when biting. 

Observation on the exoerythrocytic cycle. To date 
exoerythrocytic stages have been seen in 24 
different monkeys infected with P. cynomolgi. 
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The various experiments and the timing of the 
biopsies are summarized in Table 2. 

As seen in the table, biopsies have been done 
from the 2nd through the 204th days in various 
monkeys. Some monkeys have been biopsied 
five or even six times. Parasites have been seen 
in numbers from day 5 to day 120 after inocu- 
lation. Judgment is reserved regarding the 
course of events prior to the 5th day pending 
more exhaustive study of the material on hand 
and pending the performance of additional 
experiments. 

Five-day parasites have been seen in two 
monkeys. They are intracellular and in many 
instances it was obvious that the host cells were 
hepatic cells. In monkey No. 865, infected with 
the TC strain, 10 parasites were seen. The dia- 
meter averaged 12.1 uw (extremes 9.3 and 15.7 y). 
Figure 1 of Plate I shows one of these parasites 
which is obviously in a parenchymal cell. The 
parasite, cell membrane, and hepatic cell nucleus 
are all in the same plane of focus thus making 
their relationship to each other clear. 

Five-day parasites have also been studied in 
subspecies bastianellii. Ten parasites from 
monkey No. 645 were measured ana the average 
diameter found to be 15.6 w (extremes 10.8 and 
20.5 uw); thus this parasite was somewhat larger 
than typical cynomolgi. A larger than average 
5-day parasite of subspecies bastianellii is shown 
in Figure 2 of Plate I. 

Because of their small size, the 5-day parasites 
can usually be followed only through two con- 
secutive 6-u sections. Morphologically the two 
strains are similar at this stage. The parasites 
are circular or somewhat elliptical in cross- 
section, and consist of blue-staining cytoplasm 
studded with small reddish nuclei. 

The nuclei may be nearly spherical, elongate, 
or rod-shaped. The maximum dimension is on 
the order of less than 1 yw, usually nearer 0.5 yp. 
The number of nuclei counted in two repre- 
sentative parasites of typical cynomolgi, 9.8 and 
15.2 uw in diameter, was 38 and 71, respectively. 
The actual number was probably larger as some 
nuclei were undoubtedly lost or distorted beyond 
recognition during sectioning. 

Six-day parasites have been seen in a number 
of instances in both strains. Figures 3 and 4 of 
Plate I illustrate typical cynomolgi and sub- 
species bastianellii parasites. The 6-day parasites 
were much larger than those of the 5th day. They 
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TABLE 2 


Summary of experiments on exoerythrocytic phase of Plasmodium cynomolgi infections 


Inoculum 
(no. of 
mosquitoes) 


Monkey no. 


typical (TC) 
typical (TC) 
typical (TC) 
typical (TC) 
typical (TC) 
typical (TC) 
typical (TC) 
typical (TC) 
typical (TC) 
typical (TC) 

typical (TC) 801 
typical (TC) 80 
typical (TC) 8 
typical (TC) 1,012 
typical (TC) 150 
typical (TC) 226 
typical (TC) 226M 
typical (TC) 1,778 
bastianellii 78 
bastianellii 131 
bastianellii 107 
bastianellii 100 
bastianellit 237 
bastianellii 138 


465 
671 
895 

34 
901 
651 
671 

95 
R6 
731 
865 
R9 
858 
361 
R7 
409 
859 
362 
725 
408 
576 
211 
981 
645 


148 

404 

141 

150Mt 

150 

686M 

216t 

739M 
81M 

8.5M 


p> p> Dm hm hm pm S LS S LS S — — SS S LS — w Pe LS LS LH — w 


| 
| 
| 
| 
| 
| 
| 
| 


Species of mosquito* 


. freeborni 
. freeborni 
. freeborni 


. freeborni 
. freeborni 
. freeborni 
. freeborni 
. freeborni 
. freeborni 
. freeborni 
. freeborni 
. freeborni 
. freeborni 
. freeborni 
. freeborni 
. freeborni 
. freeborni 
. quadrimaculatus 
. quadrimaculatus 
. quadrimaculatus 
. quadrimaculatus 
. quadrimaculatus 
. quadrimaculatus 


Timing of biopsies 





Day 7 

Days 6, 8 

Days 6, 8, 9, 120 
Days 8, 10, 15, 73, 105, 204 
Days 8, 11, 73, 105, 204 
Days 2, 4, 8 

Day 8 

Days 5, 8, 11 

Day 8 

Day 8 

Days 5, 8, 60, 120 
Day 8 

Day 8 

Days 4, 8, 62, 104 
Day 8 

Days 8, 59, 106, 120 
Days 8, 59, 106, 120 
Days 3, 8 

Days 7,8 

Days 8, 63 

Days 5, 6, 7, 8 
Days 6, 7, 8 

Days 7, 9, 10, 11 
Days 5, 7, 9, 10, 11 


freeborni 


| 
| 





* Unless otherwise noted the inoculum consisted of minced, dissected glands. 


t M indicates that the inoculum was of ground mosquitoes. 


t Bites of infected mosquitoes only. 


were found fairly easily with low-power lenses. 
Eight parasites of typical cynomolgi taken at 
random from a 6-day biopsy averaged 18.3 yu 
in diameter (extremes 14 and 26 yw). Ten sub- 
species bastianellii parasites averaged 23.5 yu 
(extremes 21 and 27y). It is evident that growth 
is sufficiently synchronous that there is little or 
no overlapping of size of the 5- and 6-day forms, 
and again subspecies bastianellii parasites were 
distinctly larger. 

If it be borne in mind that volume is pro- 
portional to the cube of the diameter, it is seen 
that on the average the parasites more than 
triple in size during the 24-hour 5- to 6-day 
period. 

Six-day parasites can usually be followed 
through about four 6-u sections. Morphologically 
they are similar to those of the 5th day being 
spherical to slightly elliptical in shape and con- 
sisting of a groundwork of blue cytoplasm con- 


taining many reddish-staining nuclei, the number 
of which totals in the hundreds. As on the 5th 
day, the shape of the nuclei varies, and the 
variation may have some relationship to the 
division stage. 

Seven-day parasites have been studied in one 
monkey with typical cynomolgi and several with 
subspecies bastianellii. The size of 10 typical 
cynomolgi parasites averaged 29.3 uw (extremes 
23 and 34 yw). Subspecies bastianellit parasites 
from a 7-day biopsy averaged 31.2 uw with ex- 
tremes of 22 and 43 yw. Again the bastianellii 
parasites were larger, but the difference was less 
marked. A 7-day bastianellit parasite is shown in 
Figure 5 of Plate I. 

Erythrocytic parasites of subspecies bastianellii 
were patent before the end of the 7th day after 
inoculation, but parasites do not appear in the 
blood of typical cynomolgi until about 24 hours 
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later. This earlier segmentation correlates with 
the more rapid growth of bastianellit. 

The structure of the 7-day parasite is similar 
to that of the younger ones except that there are 
many more nuclei. The polymorphism of the 
nuclei (spherical, or rod-shaped) continues to be 
seen. The intracellular location of the parasite is 
less evident because the size is so great the inter- 
relationships between parasite and parasitized 
cell cannot be seen clearly. Reaction to parasites 
was seen only rarely, but one 7-day parasite of 
subspecies bastianellii exhibiting reaction is 
shown in Figure 6 of Plate I. 

Eight-day parasites of typical P. cynomolgi 
have been seen in 18 or more monkeys. In most 
of the experiments 8-day biopsies have been 
performed as a type of control to form a common 
denominator for comparison of findings on other 
days. Ten parasites measured from a repre- 
sentative 8-day biopsy averaged 38.1 yu (extremes 
30 and 42 yw). The parasites were spherical or 
oval and little or no lobing was seen. A repre- 
sentative parasite is shown in Figure 7 of Plate I. 

The internal morphology of the parasites was 
similar to those of previous days, again with an 


increase in the number of nuclei. Various shapes 


of nuclei were found. Vacuoles were sometimes 
present, parasites from some monkeys showing 
many vacuoles and those from others few or none. 
The parasites could be followed through about 
six serial 6-u sections and the nucleus of the 
hepatic host cell was found in one of the sections 
in many cases. Characteristically, it lay in an 
indentation or cleft of the parasite, as is shown 
in Figure 7 of Plate I. Other than finding of the 
nucleus, the intracellular position of the parasite 
was not evident. The cytoplasm of the parasite 
was bluish as in younger parasites. In heavily 
stained bluish cytoplasmic bodies 
were seen that were larger than the nuclei and 
stained more heavily than the ground substance. 


parasites, 


Eight-day parasites of subspecies bastianellii 
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have been observed in four monkeys. Ten para- 
sites from a representative biopsy averaged only 
33.8 uw (extremes 24 and 44 yz). In the younger 
parasites, the size of bastianellii was greater than 
that of the TC strain, but, the 8-day measure- 
ments were smaller. Bastianellii parasites may 
tend to mature when slightly smaller, as parasites 
appear in the blood of the monkey in large 
numbers during the 7th and 8th days. 

At a given age, there is possibly some monkey- 
to-monkey-variation in parasite size. An analysis 
of variance study will be made later to determine 
to what extent this type of variation occurs; 
however, from the information so far available 
it would appear that bastianellii parasites grow 
somewhat faster at first but mature when smaller, 
so that on the 8th and 9th days, the typical 
cynomolgi parasites are larger. 

In spite of the fact that parasites had appeared 
in the blood most 8-day bastianellit parasites 
seen were not mature; however, a mature 8-day 
parasite of this strain is shown in Figure 8 of 
Plate I. 

Nine-day parasites of subspecies bastianellii 
have been seen in two instances, but in only one 
biopsy were they abundant. All the parasites 
were mature; that is, they contained discrete 
merozoites and appeared to be ready to rupture. 
Ten parasites averaged 43.2 yw in diameter 
(extremes 31 and 52 u). Most were round or oval 
and did not show the very marked lobing charac- 
teristic of 9-day typical cynomolgi. A suggestion 
of grouping of merozoites was seen in a few 
parasites; for instance, the parasite shown in 
Figure 10 of Plate II shows merozoites lined up 
along the margin of the parasite. Other parasites 
showed a suggestion of the pseudocytomeres 
described in Plasmodium inui and P. falciparum. 

That the parasites were mature was demon- 
strated by the finding of one parasite which had 
ruptured into a sinusoid of the liver as shown in 
Figure 11 of Plate II. Merozoites could be seen 


PLATE I 


. 1. 5-day typical cynomolgi showing parasite, hepatic cell nucleus, and cell wall. 


. 2. 5-day parasite of subspecies bastianellii. 


. 3. 6-day parasite of typical cynomolgi. 


. 4. 6-day parasite of subspecies bastianellii showing intracellular position clearly. 


. 5. 7-day parasite of subspecies bastianellit. 


. 6. Another 7-day bastianellii parasite showing tissue reaction. 
. 7. 8-day parasite of typical cynomolgi showing nucleus of hepatic cell in notch of parasite. 
. 8. Mature 8-day parasite of subspecies bastianellii containing merozoites. 
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PLATE II 
cynomolgi. Very large and lobed but not quite mature 


i-da parasite of subspecies bastiane Note orientation of mero 


site 


da parasite of subspecies hastianel showing merozoites through sinusoid 


mpo ind or septate 9 day parasite of subs pe eres bastiane 


parasite Of typ il cyunomolg 


parasite of t pical cynomola 


parasite with tissue reaction 
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through the sinusoid extending over a distance 
of at least 100 uw. The morphology and staining 
reaction of the merozoites were similar to those 
in mature, unruptured parasites. It will be noted 
in the figure that there was no reaction around 
the ruptured parasites such as was described for 
P. cynomolgi by Bray.* 

An unusual form of the 9-day parasite was 
also observed, in which the parasite seemed 
compound or separate as shown in Figure 12 
of Plate Il. The compound nature of the parasite, 
which consisted of four distinct lenticular bodies 
lying together, was verified by tracing it from 
section to section. 

Nine-day parasites of typical P. cynomolgi 
have been studied in one monkey. Ten parasites 
averaged 49.8 uw in diameter (extremes 35 and 
62.5 uw). The large parasites could be followed 
through as many as nine consecutive 6-u sections 
and were frequently lobed (see Figure 9 of Plate 
IT). 

In spite of their very large size, most of the 
9-day parasites were not fully mature; that is, 
individual, discrete merozoites were not differ- 
entiated. Since parasites had been appearing in 
the blood for at least 24 hours prior to the 
biopsy, it may be reasoned that maturation and 
rupture take place quickly; otherwise more 
mature parasites would have been seen. Ruptured 
parasites were seen occasionally, but apparently 
were produced by the sectioning process as the 
position of rupture was always parallel to the 
knife edge. 

Ten-day parasites of typical P. cynomolgi were 
seen in one instance, and most of the parasites 
contained differentiated merozoites 
considered mature. Virtually the same findings 


and were 
were made in an 11-day biopsy, and in both the 
10- and 11-day sections there were markedly 
fewer parasites than in 8-day biopsies from the 
same monkeys. 


A single 15-day biopsy of typical P. cynomolgi 


revealed rare mature parasites, as compared with 
abundant parasites on the 8th day. No immature 
second generation exoerythrocytic schizonts were 
seen which indicated that if they were present 
they were rare. 

Biopsies subsequent to the 15th day have been 
done mostly about 2 months and about 3.5 
months after inoculation. In a number of 
instances rare parasites have been found. Two 
are shown in Figures 13 and 14 of Plate II. 
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Parasites seen at both intervals were large but 
did not necessarily contain differentiated mero- 
zoites. Usually there was no host reaction around 
the parasites but one monkey was exceptional 
in this respect and mononuclear white cells were 
found surrounding a 105-day parasite and 
infiltrating the substance of a mature 60-day 
parasite (see Figure 15 of Plate II). 

No small parasites have been seen 60 to 120 
days after inoculation. This may be due to the 
rarity of all parasites at this stage. It would be 
difficult to find the smaller forms in searching 
the large number of sections. On the other hand, 
it is possible that the parasites in the liver at this 
stage are derived from the original sporozoites 
and that there is not a continuous schizogony in 
the liver, but rather the persistence of dormant 
or slowly growing parasites. 

DISCUSSION 

The fundamental basis for the doubt of some 
parasitologists as to the malarial nature of the 
parasites first described by Shortt and his col- 
leagues was that adequate control experiments 
were not done. The possibility existed that the 
bodies in the liver were produced as a response 
to the large amount of mosquito tissue introduced 
with the sporozoites. This possibility was mini- 
mized by the finding of P. falciparum parasites 
in an experiment in which infection was induced 
by biting of mosquitoes without any injection of 
mosquito tissue other than the secretions injected 
when biting.” In the present study parasites 
were found following the bite of infected mosqui- 
toes. 

About 2 years after the original report of 
Shortt and Garnham,! the issue was beclouded 
by the report of Coulston and Robinson‘ that 
they found artefacts which might be confused 
with exoerythrocytic parasites in normal as well 
as infected monkeys. The complete paper has 
never been published, and the abstract does not 
give sufficient information for an evaluation of 
their findings. 

Dr. Leon Schmidt has very graciously allowed 
me to study sections containing some of the 
artefacts described by Coulston and Robinson. 
Their size is similar to that of mature P. cyno- 
molgi parasites, but averages somewhat larger. 
The Carnoy-fixed, Giemsa-stained parasites do 
not show the distinctly blue cytoplasm and red 
nuclei characteristic of our preparations and 
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those of the London group, but the staining 
characteristics of the surrounding hepatic tissue 


are essentially similar to those of the preparations 
described in this paper. We have not seen any 


artefacts which correspond in size or appearance 
with the younger exoerythrocytic parasites. 

In spite of these observations, it is neither fair 
nor logical to make a judgment from the exami- 
nation of isolated preparations without the full 
background of the experiments. Judgment is 
withheld pending full publication of the Coulston 
and Robinson work. 

Finally in 1954, 6 years after the original 
publication, Shortt ef al.’ reported a control 
experiment in which 500 uninfected mosquitoes 
were allowed to feed on a monkey, following 
which 443 of the mosquitoes were ground whole 
and injected intraperitoneally. No artefacts were 
seen in 300 biopsy sections examined. 

The three control experiments in the present 
study support the evidence that the parasites 
indeed malarial. Intravenous injection of 
2,026 pairs of uninfected glands represents one of 
the largest inocula ever given a rhesus monkey 
and no artefacts were seen. In contrast, there 


are 


were no failures with infected glands when even 
as few as eight pairs were injected. 

As a matter of fact, the production of patent 
liver infections has now become a matter of 
routine in our laboratory. At present this routine 
is used in studying the effects of drugs by the 
direct observation of the parasites before and 
after treatment. These studies also provide 
confirmatory information on the malarial nature 
of the parasites as both primaquine and pyri- 
methamine dramatic effects on P. 
cynomolgi tissue stages. These drug studies will 
be reported in detail in separate papers. 

Some investigators have questioned the use of 
Carnoy’s fluid in fixing the exoerythrocytic 
parasites, and have stated that Zenker’s fixed 
material different characteristics. It is 
true that Carnoy’s produces considerable shrink- 


produce 


shows 


age, but it is equally true that all fixatives alter 
either the chemical or physical nature of the 
protoplasm upon which they act. Exception can 
thus be taken to every method. Carnoy’s is a 
logical fixative for the malaria work as it pre- 
nuclear materials with a minimum of 
chemical change which is of particular importance 
if cytochemical interpretation is to be made of 
the staining affinities. 


serves 


This is not to say that the problem should not 
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be studied by using a wide variety of methods, 
so that all possible information may be obtained. 
Feulgen technique has been tried and yielded a 
positive reaction of the parasite nuclei in 7- and 
8-day parasites of P. cynomolgi (both strains). 
Toluidine blue O has also been used with and 
without ribonuclease, and again gave evidence 
that the nuclei are largely desoxyribosenucleic 
acid. These and other cytochemical studies of 
the parasite will be reported more fully later. 

The point has also been made that artefacts 
might be produced in the ,liver of monkeys by 
prior liver surgery. This is pertinent in those 
cases in which a control biopsy was made prior 
to the use of infected mosquitoes. That prior 
surgery does not produce the “‘bodies’’ is fully 
demonstrated by the fact that parasites have 
been found in a dozen or more instances on the 
occasion of the first biopsy. 

Huff® stated that a continuous series of stages 
connecting the sporozoites and the erythrocytic 
stages had not been found. This was true at the 
time of his statement, but subsequently Shortt 
et al.” described and illustrated early forms of the 
parasite. In our work we have not seen indis- 
putable parasites prior to the 5th day. In any 
event the proof of the legitimacy of the parasites 
does not depend upon the finding of these inter- 
mediate forms. 

It is hoped that tagging methods of some sort 
which will allow further tracing of the early 
stages can be developed. Tissue culture is being 
employed and infected liver has been maintained 
for up to 2 days with concomitant growth of the 
parasites. Radioautography and _ fluorescent 
antibody studies may permit another approach 
to the problem. 

Doubt as to the position of the parasites in the 
hepatic cells has been expressed. Most prepa- 
rations of exoerythrocytic stages which have been 
circulated widely are of the larger, more 
spectacular parasites. Study of the younger 
parasites (5- and 6-day) indicates conclusively 
that most if not all of the parasites are in the 
hepatic cells. This is conclusively shown by our 
Figures 1 and 4 of Plate I in which the inter- 
relationships of parasites to host cell are clearly 
shown. 


SUMMARY 


Three experiments were performed in which 
large numbers of dissected, uninfected salivary 
glands of Anopheles mosquitoes were injected 
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intravenously into normal rhesus monkeys. No 
artefacts resembling exoerythrocytic parasites 
of Plasmodium cynomolgi were seen when liver 
taken at biopsy 8 days later was examined. 


The same three monkeys were subsequently 


injected with smaller numbers of glands infected 
with sporozoites. Liver biopsy revealed many P. 
cynomolgi schizonts 8 days later. 

When monkeys were injected intravenously 
with infected glands, exoerythrocytic parasites 
were invariably seen, even when as few as eight 
pairs of glands were used. Exoerythrocytic 
parasites have been seen in 24 different monkeys. 

Exoerythrocytic parasites are described from 5 
to 120 days after inoculation of the monkeys. 
The findings in all essential details confirm those 
of Shortt and Garnham and their associates. 
Small differences between typical P. cynomolgi 
and subspecies bastianellii are described. 

Two plates, made from color photomicro- 
graphs, depicting the cycle in the monkey are 
presented. 
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PURIFICATION OF TOXOPLASMA BY MEANS OF SONIC VIBRATION AND 
TRYPTIC DIGESTION* 


YUKINORI TSUNEMATSU 
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Estelle Doheny Eye Foundation, Los Angeles 


Although our knowledge of Toxoplasma has in- 
creased considerably during the past decade, only 
a few reports have dealt with the purification of 
this intracellular parasite. In removing red and 
white blood cells, concurrently present with 
toxoplasms in peritoneal fluid of infected animals, 
Behrens and Geissler! reported the value of differ- 
ential centrifugation by using a mixture of organic 
solvents. Fulton and Spooner* described a method 
of filtration through a sintered glass filter with a 
porosity of 15 to 40 microns as their basic pro- 
cedure; and Westphal’: * devised a method of 
ultrasonic treatment in preparing a purified com- 
plement fixing antigen. 

The current author and his co-workers also con- 
firmed the differential disintegration effect of 
ultrasonic vibration.®: * It was found later, how- 
ever, that pure suspensions of toxoplasms ob- 
tained by exposing the peritoneal fluid to ultra- 
sonic vibration for the longer periods of time not 
only showed a considerable degree of denaturation 
and loss of toxoplasms, but when examined under 
the microscope, also contained varying amounts 
of particulate or amorphous cell debris. These 
facts led the author to undertake the purification 
of Toxoplasma by sonic treatment for shorter 
periods of time, this being followed by digestion 
of debris with trypsin. The present report records 
the results of these purification studies of Tozxo- 
plasma together with the individual effects of 
sonic vibration and of tryptic digestion on toxo- 
plasms and mouse cells. 


MATERIALS AND METHODS 


The RH strain of Toroplasma gondii was main- 
tained by serial passage in Swiss albino mice using 
peritoneal exudate. A Raytheon Sonic Oscillator 
Model S-102A was used and always operated at 
an output of 100 volts, using a 25-m] sample. 
Trypsin (2X crystalline) obtained from the Nu- 
tritional Biochemicals Corporation was dissolved, 


* Aided by grants from the Knights Templar 


Public 


Eye Foundation and by United States 
Health Service Grant No. E-2070 


just prior to use, in a buffered diluent (pH 7.2-3, 
NaCl 8.0 g, KCl 0.2 g, MgCl.-6H,O 0.1 g, 
Na2HPO, 1.15 g, KH2PO, 0.2 g, CaCl, 0.1 g/L). 
An International Electric Centrifuge Model V, 
size 2, was operated in a cold room. Centrifuge 
tubes and other glassware were coated with 
silicone in order to avoid a loss of toxoplasms. 

Peritoneal fluid withdrawn from infected mice 
was collected in tubes kept in ice-water. It was 
pooled and passed through 200-mesh wire gauze 
to remove coarse debris, and diluted to the nearest 
multiple of 25 ml with normal saline or phosphate 
buffered saline (M/15 NasHPO, 72.0 ml, M/15 
KH.PO, 28.0 ml, NaCl 8.5 g, distilled water 900 
ml). Aliquot portions were removed from this 
initial sample to prepare smears and dilutions for 
cell counting and infectivity tests. 

Sonic treatment. Twenty-five-milliliter portions 
of the initial sample were then transferred to the 
oscillator tube, which was cooled with running 
tap water prior to and during operation. Exposure 
time to sonic vibration varied from 10 to 60 
seconds in preliminary experiments and from 15 
to 30 seconds when used in conjunction with 
tryptic digestion. Treated samples were combined 
and again passed through wire gauze and aliquot 
parts were removed for assay. 

Treatment with trypsin. The filtrate was centri- 
fuged at 2,500 rpm for 20 minutes, and the sedi- 
ment, consisting of toxoplasms, some intact and 
modified mouse cells and cellular debris, was sus- 
pended evenly in a trypsin solution by flushing in 
and out vigorously with a small pipette. Floccules 
of mucoid material appeared when trypsin solu- 
tion was added to the sample. These floccules, 
however, disappeared gradually with the progress 
of digestion. Trypsin dilutions of 1:250 to 1:2,000 
in volumes ranging from 0.5 ml to 1.5 ml per 
mouse were used when trypsin digestion was pre- 
ceded by sonic treatment. After 1 hour of incu- 
bation at 37°C 
agitation, aliquots were withdrawn for assay. 


in a water bath with occasional 


Washing. The suspension treated with trypsin 
was then centrifuged at 2,500 rpm for 20 minutes. 
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Sediment was usually reconstituted to one-half 
the volume of the initial sample, and again centri- 
fuged at the same speed for 15 minutes. The sus- 
pending medium was saline or buffered saline 
stated. After two additional 
washings, the sediment was suspended evenly 
and filtered through wire gauze. Aliquots for 
assay were taken from this “final sample.” 


unless otherwise 


Assay. Counting of organisms and mouse cells 
was done in a Neubauer type of counting cham- 
ber. Intracellular and disintegrated toxoplasms 
were excluded from the counting. Purity of sample 
is expressed as the percentage ratio of toxoplasms / 
toxoplasms plus mouse cells, and recovery is ex- 
pressed as the percentage ratio of toxoplasms re- 
covered/toxoplasms in the initial sample. /n- 
fectivity was determined in mice by making serial 
10-fold dilutions of the sample and inoculating 
them intraperitoneally into mice (0.5 ml per 
mouse). Groups of 4 mice each were observed for 
14 days and the LD» was calculated by Kaerber’s 
method.? The morphology of toxoplasms was ob- 
served in Giemsa stained smears and also in the 
wet preparation of the counting chamber. 

Certain filtration experiments were also at- 
tempted, by using Baird and Tatlock P3 filters. 
Two among five filters tested were found to be 
satisfactory for the recovery of toxoplasms, the 
other three being too retentive. Initial samples 
were first diluted with 9 or more volumes of phos- 
phate buffered saline (pH 7.2) and then passed 
through a filter. This was followed by washing 
with an equal amount of buffered saline. If the 
filtrate was still turbid, additional buffered saline 
was added until the sample leaving the filter 
cleared. Portions from the pooled filtrate were then 
taken for assay. 


RESULTS 


Effects of sonic vibration. Effects of sonic vibra- 
tion were found to vary to some extent according 
to the nature of the initial sample and variations 
in the intensity of vibration, but the resistance of 
toxoplasms proved always to be greater than that 
of the mouse cells. 

Table 1 shows the results of three experiments, 
in which the purity of initial samples was 88.2, 
80.0 and 65.8%. The purity of a sample increased 
rapidly early in the experiment and usually 
reached a level point after 20 to 30 seconds of 
oscillation, as in Experiments 1 and 2. The re- 
covery rate of parasites was found to diminish 
after the first 10 seconds of oscillation, the initial 
increase of recovery apparently being associated 
with the liberation of intracellular toxoplasms 
from disintegrated host cells. The recovery rates 
in both experiments at 30-second oscillation were 
83.2% and 94.2%, respectively, although no loss 
of infectivity was noted (Table 4). Experiment 3 
represents an unusual initial sample of extremely 
low purity. 

On the other hand the mouse cells showed vari- 
ous degrees of disintegration, even in the earlier 
stages of exposure. Larger cells, such as infected 
macrophages, monocytes and/or large lympho- 
cytes, and granulocytes, were most sensitive to 
damage by sonic oscillation; and the smaller cells, 
such as noninfected small lymphocytes and granu- 
locytes, were more resistant. Red cells, usually 
present in small numbers, showed a resistance 
intermediate between these two types of cells. In- 
creasing numbers of bare nuclei, granular or 
threadlike forms, and amorphous masses were ob- 
served as the disintegration of cells proceeded. 


TABLE 1 


Effect of sonic oscillation (100 volts output) on toxoplasms and mouse cells 


Purity* 
Recoveryt 
Purity 
Recovery 
Purity 
Recovery 


100. 
80. 
100. 
65. 
100. 


* Purity 
Tt Recovery 


10 


93.5 
106. 

89.! 
126.0 
85. 


140.2 


Exposure time in seconds 





20 





96. 
86 
94. 
113. 
87. 
120. 


6 


2 
5 


0 


1 
0 
0 
2 
6 


(the number of toxoplasms/toxoplasms and mouse cells) X 100. 
(the number of toxoplasms/toxoplasms in the initial sample) X 100. 
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The effects of sonic vibration are also seen in six 
experiments in Table 3. After exposure to sonic 
vibration for 20 to 30 seconds, purity was in- 
creased from an average of 88.8% in the initial 
samples to 96.8% in the treated samples. The 
average recovery rate in such expe riments was 
88.0%. 

Effects of tryptic digestion. Digestion by trypsin 
with subsequent washing was employed for the 


TABLE 2 
Effect of tryptic digestion on toroplasms and 


mouse cells 


Trypsin concentration 


1:200 | 1:800 |1:3200 | 1:12800) 1:51200 


Exp. 1 
P* 
Oh R 
I 
Vv 
96.4) 96.7) 96.5) 94.9 | 93.9 
110.5 107.8 121.7/100.5 |106.5 
25.6 
59.4 
95.7; 96.3) 96.7) 95.5 
87 .7,107.8)103.6,101.6 
3.2 
471.0 


95.3 
91.8 


1: 500 1: 1000 1: 2000 1: 4000 


83 91.3 92.4 
104.6 | 106.2 | 104.§ 
53 9 


V 10.7 61.2 


91.3 
129.9 


90.2 
119.8 


*P = purity %, R = 
tivity %, V = 
with 
LDs50o. 


recovery %, I = infec- 


viability, number of organisms 


normal morphology required to produce 
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removal of inactivated mouse cells, bare nuclei 
and other particulate or amorphous cell debris. 
Preliminary experiments were carried out as 
follows. The centrifuged sediment of an initial 
sample was distributed into a series of test tubes. 
Varying dilutions of trypsin solutions were added 
into each tube so as to result in final concentra- 
1, Table 2. Re- 
action mixtures were then kept for 3 hours at 


tions as shown in Experiment 


37°C in a water bath, and were shaken occasion- 
ally. After 1 hour of incubation, considerable in- 
crease of purity was observed in tubes containing 
the higher concentrations (1:200; 1:3,200) of 
trypsin. The increase in recovery presumably 
resulted from the liberation of intracellular toxo- 
plasms. Microscopic examination showed that the 
digested host cells were mainly those cells heavily 
infected with toxoplasms such as macrophages, 
monocytes and/or large lymphocytes and granu- 
locytes, and that bare nuclei and other particulate 
forms also were greatly reduced in tubes con- 
taining higher trypsin concentrations. The sample 
treated with 1:200 trypsin for 1 hour showed less 
infectivity than did the control. Two additional 
hours of incubation, however, reduced the in- 
fectivity in both trypsin and control tubes to ap- 
proximately the same level as seen in Table 2. 
Even so, little difference of purity was noted 
among tubes containing the higher concentration 
of trypsin and also among corresponding tubes 
incubated for 1 and 3 hours, respectively. The 
dilutions of trypsin in Experiment 2 ranged from 
1:500 to 1:4,000. The results were similar to those 
described above. 

From these data it was concluded that the liv- 
ing toxoplasms were fairly resistant to trypsin 
solutions strong enough to digest many infected 
mouse cells and their debris, and that 1 hour of 
incubation of sonic treated samples in trypsin 
concentration of approximately 1:1,000 would be 
appropriate for use in the purification studies 
which follow. 

Purification by means of sonic oscillation and 
subsequent treatment with trypsin. The preliminary 
experiments were followed by many purification 
studies, in which samples were treated both with 
sonic vibration and trypytic digestion under the 
conditions of experiments reported in Tables 3 
and 4. 

The average purity and its standard deviation 
of the initial and final purified samples in 10 ex- 
periments are 86.4% + 4.19 and 98.7% + 0.88, 
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TABLE 3 


Purification of loroplasms by soni and tryptre treatment (1 


Percentage in 
final sample 
treated with 
trypsin and 
washed 


I'ryptic digestion 
dilution 


S425 
100.0 
9.5 
100.0 
SS_7 


100.0 
YOLS 
100.0 
93.1 
100.0 
S1.4 
100.0 
85.6 
100.0 
OO 8 
100.0 
S4.1 


100.0 


S6H.4+ 4 


100.0 


recovery 


and ft splre freatment 2 


Sample alter 
trypsin Washing medium 
treatment 


Percentage in 
final sample 


1: 1000 


1.0 58.7 Saline 


1: 1000 97 10%; 
1.0 76 Serum 


Saline 


10% 

Serum 24 

Saline 3:3 
168. 


*P = purity “, R = recovery ©, I = infectivity %%, = viability, number of organisms with nor 
mal morphology required to produce LDy». 
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respectively, A marked increase of purity was ob 
served, usually during sonic oscillation, although 
trypsin treatment as well as washing procedures 
Table 


3. The average recovery in the final samples and 


exerted some additional effect as shown in 


its standard deviation were 39.4 + 8.91. Loss of 
organisms Was observed at each step of purifica 
tion. From the technical point of view, the time 
of sonic oscillation should be controlled carefully 
to minimize damage to the organisms, resulting in 
subsequent digestion by trypsin 

the 
toxoplasms with 
together some 


ghostlike The 


almost free from mouse 


eXamination revealed that 


Microscopi 
final samples consisted of many 
with 


unchanged morphology 


rounded, faintly stained forms 
final samples usually are 
cells and their debris, as illustrated in Figure 1. 


The 


plasms were usually 


centrifuged sediments of purified toxo 


Chey 


somewhat sticky, but could be emulsified evenly 


white in color were 
in saline. 

Table 4 contains data concerning the original 
infectivity of samples and changes in infectivity 
after each step of purification Infectivity % is 


expressed as the percentage ratio of the infectious 


1. Sample of Toroplasma free from mouse 


cells 


ind debris 
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unit of initial sample/the infectious unit of 


treated sample. Final samples in Iexperime nts I, 
2 and 3 showed levels of infectivity that were 
14.6%, 6.0% and 2.3%. It may be noted that the 
reduction of infectivity occurred at both steps of 
trypsin treatment and washing procedures 
Purification of toxoplasms by means of filtration 
In 10 Baird Tatlock 
sintered glass filters, samples with an average 
1.05 before filtration had an 
average purity of 96.9% + 2.05 after filtration 
The after filtration 
57.8% 


experiments using and 


purity of 87.5% + 
average 


+ S45. 


White blood cells were almost completely re 


recovery Was 


moved by this procedure, while some red cells, 
small lymphocytes, and other fine cellular debris 
were still present in the filtrates. Filtration under 
reduced pressure resulted in increased recovery of 
toxoplasms, but with greater impurities 


DISCUSSION 


Many attempts to purify toxoplasms have been 
made in this study. Filters recommended by 
Fulton and Spooner? have been used under con 
ditions described above with some success to 
purify toxoplasms from mouse peritoneal fluid 
However, the loss of toxoplasms in the filter was 
rather high (42.2% + 8.45) and the filtrate still 
contained erythrocytes and cell debris. In order 


to obtain a highly purified sample a further 
modification in method appears to be necessary 

\ modification of Westphal’s method, using 
prolonged exposure to sonic oscillation ol organ 
isms and cells suspended in 3.8% sodium citrate, 
resulted in a low recovery of the toxoplasms which 
were accompanied by varying amounts of con 
taminating cell debris. Streptolysin O and anti 
leukoeytic antibody plus complement, both fol 
lowed by tryptic digestion to disintegrate mouse 
cells, were also employed but with little success 
to date. 

The combined method using sonic oscillation 
for a short period of time followed by digestion 
with trypsin here reported has provided repro 
ducible results in the recovery of purified samples 
of toxoplasms. 

\s the proliferative forms of Toxoplasma are 
highly sensitive to the changes of environmental 
condition, the denaturation of parasites during 
the course of purification procedures should be 


avoided as far as possible. In the current studies 


on methods of collecting toxoplasms for the prepa 
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ration of antigens, isotonic saline or phosphate 


buffered saline was routinely used for suspending 


the toxoplasms. Other suspending media might be 
preferable for other purposes of purification. The 
possibility that the tryptic digestion might exert 
some harmful effects on the antigenic and bio- 
chemical constituents is also to be considered. 
However, antigens prepared from purified toxo- 
plasms have been entirely satisfactory in hemag- 
glutination and complement fixation tests. In the 
latter, anti-complementary properties of the 
antigen are minimal, although the effort neces- 
sary to produce the purified antigen by present 
methods may preclude its common use in routine 
diagnostic procedures. 


SUMMARY 


Sonic vibration was used to disintegrate or 
modify the contaminating white and red cells 
found in the exudate from mice infected with 
Toxoplasma and then trypsin was employed to 
digest the modified cells together with particulate 
and amorphous debris derived from disintegrated 
cells. Trypsin and digested substances were then 
removed by washing and centrifugation. After 
preliminary experiments were performed to deter 
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mine suitable conditions of treatment, 10 purified 
samples were prepared and tested with the follow- 
ing average results: purity 98.7% + 0.88; re- 
covery 39.4% + 8.911; average level of infec- 
tivity in another three experiments showed 7.6% 
of the original samples. 
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PARAGONIMIASIS IN SOUTH KOREA—IMMUNODIAGNOSTIC, 
EPIDEMIOLOGIC, CLINICAL, ROENTGENOLOGIC AND 
THERAPEUTIC STUDIES* 


ELVIO H. SADUNT anv ALFRED A. BUCK} 


After the discovery of the lung fluke in man 
by Manson! in 1880, workers in various countries 
recognized it as the agent responsible for the 
production of disease. In 1887, Otani? found the 
parasites for the first time in the human brain, 
and recognized them as the cause of a Jacksonian 
type of epilepsy. Braun’ in 1899 established the 
genus Paragonimus. An extensive review of the 
early literature on paragonimiasis has been 
published by Stiles and Hassall.* The life cycle of 
any species of the genus Paragonimus was un- 
known until 1915, when Nakagawa® ® reported 
the finding of encysted metacercariae in the 
fresn water crab and Yokogawa’ traced the 
migratory course of the parasite from the digestive 
tract to the lungs of the definitive host. However, 
it was not until the detailed studies by Ameel*® 
were published that the stages of the lung flukes 
were adequately described. Since that time it 
has been well established that mammalian lung 
fluke infection is acquired by ingestion of infected 
raw crabs and crayfish. 

Paragonimiasis has been recognized as a 
major public health problem in various parts 
of the Far East, but it is of greater importance 
in Korea than in any other country in the 
world.*" Kobayashi” reported that this in- 
fection is present in Korea not only in man and in 
some of the domestic animals such as cats, dogs, 
and pigs, but also in tigers, leopards, foxes, 


wolves and wild cats. The report that approxi- 
mately 8 per cent of 350,000 Koreans examined 


were positive for this fluke prompted his con- 


* From the 406th Medical General Laboratory, 
APO 343, San Francisco, California, the German 
Red Cross Hospital, Pusan, Korea, and Walter 
Reed Army Institute of Research, Walter Reed 
Army Medical Center, Washington, D. C. 

The collaboration of Dr. H. Lieske in some 
phases of the epidemiologic and clinical studies 
and of Dr. H. Haage in connection with the 
roentgenologic studies is gratefully acknowledged. 

+t Department of Medical Zoology, Walter Reed 
Army fnstitute of Research, Walter Reed Army 
Medical Center, Washington, D.C. 

t Department of Epidemiology, 
Hygiene and Public Health, 
University, Baltimore, Maryland 


School of 


Johns Hopkins 


clusion that paragonimiasis is one of the most 
important diseases in South Korea. Bercovitz" 
reported clinical studies on 20 patients. Para- 
gonimiasis constituted a considerable medical 
problem among Korean prisoners of war. 
Miller and Walker'® studied 227 infected prisoners 
of war from a roentgenographic standpoint in an 
attempt to delineate the radiographic features 
of this disease. Graumann et al.!° emphasized 
the clinical and public health importance of 
paragonimiasis in South Korea and indicated that 
a large number of individuals have extra- 
pulmonary infections. 

Investigations of the lung fluke problem 
have been carried out recently in Japan,’”-* 
China,*-** and Formosa.** However, much of the 
information available is very widely scattered 
and, in some cases, not easily available nor well- 
digested. Perusal of the known facts on the 
subject of paragonimiasis indicates that several 
important gaps in our knowledge of the disease 
and the causative organism still exist. It seemed 
worthwhile, therefore, to carry out a series of 
investigations to provide information on some 
of the unfinished particularly with 
reference to the disease as it exists in South 
Korea. 

In the spring of 1957, one of the authors pre- 
pared several purified antigens for the diagnosis 


phases, 


of paragonimiasis and clonorchiasis, some of 
which gave promising results under laboratory 
conditions.“ @ Soon afterwards a program was 
initiated in an attempt to accumulate an ob- 
jectively determined body of facts about these 
two important trematode infections in South 
Korea. These investigations were carried out 
jointly by workers at the 406th Medical General 
Laboratory, U. 8. Army Medical Center, Japan, 
and at the German Red Cross Hospital, Pusan, 
South Korea, during the years 1957-58. 

The investigations on paragonimiasis, which 
lasted nearly 2 years, early crystallized into 
two objectives, 1) to determine whether intra- 
tests with 
adequate tools for epidemiologic investigations 


dermal purified antigens provide 


562 





PARAGONIMIASIS IN KOREA 


of Paragonimus infection in South Korea, and 
2) to gain information on the diagnosis, epidemio- 
logy, pathogenesis, symptomatology, clinical de- 
scription and treatment of this infection. Although 
definite information was obtained on both phases 
of the problem, it is fully realized that in view of 
the magnitude of the task, only a few of the 
gaps in our knowledge of the disease and the 
causative organism have been filled. Some of the 
preliminary results on these investigations have 
been reported separately.*-“ 

There is no published evidence that any species 
other than Paragonimus westermani is responsible 
for the infection in Korea, although several 
species of the genus Paragonimus have been 
reported in man elsewhere in the Far East. 
However, differentiation of these species has 
proved to be difficult and some of the identifica- 
tions are still uncertain. Most parasitologists 
favor the view that the human fluke Paragonimus 
ringeri is the same as P. westermani. No attempts 
were made in the present study to conduct 
detailed morphological examinations and to 
contribute to the solution of this problem. There- 
fore, in the following report the name P. 
westermani will be used for the human lung fluke 
in South Korea, although it is realized that 
closely related species such as P. ohirai and 
P. iloktusuenensis may be present concurrently 
with P. westermani. 
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The Situation in South Korea with Relation to 
the Problem 


The Republic of Korea lies between the 38th 
and 35th parallels and is partially surrounded 
by the Yellow Sea, the Korean Strait, and the 
Sea of Japan. With an area of 36,152 square 
miles South Korea has a population of approxi- 
mately 22 million people, primarily rural, dis- 
tributed among nine provinces. The country is 
characterized by wide flat valleys with meander- 
ing streams. Although the urban population in 
Korea represents only 17 per cent of the total 
population, it is definitely increasing, owing to 
an effort toward industrialization in the cities 
and towns. The distribution of the population 
according to age and sex has been summarized in 
Table 1. The birth, infant mortality and maternal 
death rates are very high. In 1946, the infant 
mortality rate reported by the National De- 
partment of Public Health and Welfare was 
77.5 per 1,000 live births. The life expectancy 
the 1953 census was less than 50 
years. Because of these factors, the age distribu- 
tion is considerably different from that which 
one observes in Western countries. 


based on 


Modern medicine and public health measures 
are relatively new in Korea. In the fall of 1945, 
the U. S. Military Government began its opera- 
tion in South Korea and the importance of 


TABLE 1 


Summary of census data for 1953 in South Korea* 


Age group Both sexes Males 
Below 5 
5-9 
10-14 
15-19 
20-24 
25-29 


30-34 


2,539,979 
2,826,432 
2,628 ,315 
2,193,852 
1,703,140 
1,660 ,008 
1,632,495 
35-39 1,566,784 
40-44 1,380,761 
45-49 877 ,906 
50-54 692,425 
55-59 612,977 
60-64 513 ,595 
65 and over 717,579 


, 285,647 
,452 ,677 
366 , 887 
, 150,194 
715,029 
745 ,024 
821,305 
788 ,573 
721,301 
441.636 
335,439 
286 , 247 
231,031 
301 , 543 


10,642,533 


21,546,248 


Total 


* Source = 


Demographic Yearbook, United Nations, New York (1954). 





| 
Females % of total % of males |% of females 
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, 254 ,332 1.8 12.2 | 
,373, 755 3. 13.6 | 12.6 
,261 ,428 12. | mu 
,043 ,658 10. 9. 
988 ,111 
914,984 
811,190 
778,211 
659 , 460 
436,270 
356 , 986 
326 ,730 
282, 564 
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public health matters was immediately rec- 
ognized. A Department of Public Health and 
Welfare was set up as one of the 13 departments 
of the U. 8. Military Government in Korea. 
However, it was exceedingly difficult to find 
trained public health personnel to carry out the 
program. In 1948, the functions of public health 
and welfare were transferred to the Ministry of 
Social Affairs of the Government of the Republic 
of Korea, and in 1949, a separate Ministry of 
Health was set up.“ Subsequently, war destruc- 
tions and mass migration seriously handicapped 
the Government of Korea in its efforts to carry 
out effective health measures. 
Undernourishment and malnutrition are rather 
common. In vitamin 


particular, protein and 


deficiencies are found everywhere. Rice is the 
main crop, representing 59 per cent of the gross 
value of the total crop production. Barley is the 
second largest crop by acreage and by use as a 
staple food. The principal legumes are soybeans, 
and soybean sauce is used as a condiment at every 
meal. The quantity of fruit produced is just about 
sufficient for Korean use. Fats are supplied by 
sesame, pine seed, and peanut oil. Fish is the 
main source of animal protein. Salt water fish 
are obtained everywhere along the coastline and 
fresh water fish breeding is carried out in the 
interior waters. The per capita fish consumption 
was 48 pounds in 1938. Chicken, beef and pork 
are the meats most commonly eaten. The fre- 
quency with which meat appears in the diet 
depends upon family income. The middle class 
and the poor people only rarely consume meat. 
The annual per capita meat consumption was 
estimated in 1939 as 6 pounds.® Dairy products 
are also very scarce. A nutritional survey carried 
out by the National Chemistry Laboratory of the 
Department of Public Health and Welfare in 
1948 revealed that 91.75 per cent of the total 
calories of the food ingested by Koreans con- 
Meat provided 0.10 
per cent, whereas fish and crustaceans accounted 
for 0.47 per cent. 


sisted of polished rice. 


The climate in South Korea is variable with 
extreme below 
freezing in winter to about 100°F in summer. 
Rainfall is abundant, especially from June to 
August. 
not enough roads and those existing are poorly 


ranges of temperature from 


Communications are poor. There are 
paved and often impassable during the rainy 
season. 


Water supply, sewage, and refuse disposal are 


BUCK 

poorly organized throughout Korea and are 
often carried out on an individual basis. Rural 
communities and inhabitants of 


small towns 


depend upon rivers, streams, wells and springs 


for their water supply. Since sanitation facilities 
are very poor, most of the water is subjected to 
fecal contamination. Human excreta are collected 
from poorly constructed privies and pails and 
stored in crude, leaky cisterns where they are 
removed from time to time to be used as fertilizer. 
There are only a few septic tanks in existence 
except in several of the principal cities, where 
there are also some flush toilets connected with a 
main sewer system. 

Medical personnel and medical facilities are 
South Korea. Altogether there is 
approximately 1 physician to 5,000 and 1 nurse to 
per cent of 
the available physicians practice in the cities, 
most of the rural inhabitants seldom, if ever, 
receive medical attention. 


scarce in 


15,000 persons.® Since nearly 85 


Parasitic infections are extremely common 
throughout South Korea. In addition to malaria, 
amebiasis and several intestinal nematodiases, 
paragonimiasis and clonorchiasis represent major 
public health problems. It is impossible to assess 
with any degree of accuracy the role which these 
two trematode infections play in the morbidity 
and mortality of the South Korean population 
because most of the people do not seek medical 
care and, among those who do, many are diag- 
nosed clinically as having other diseases. 


METHODS AND PROCEDURES 


The data in this study were secured from 
persons who had resided most or all of their lives 
in Korea. Over 3,000 persons from 2 provinces in 
South Korea were interviewed in order to obtain 
information about their habits, consumption of 
raw crabs or crayfish, history of illness, and the 
onset, type and severity of symptoms with 
particular reference to the possible acquisition of 
paragonimiasis. All these individuals received 
intradermal tests. The sputum of those who 
reacted positively to P. westermani antigen was 
examined for the presence of trematode eggs. 
Thorough clinical examinations, standard lab- 
oratory tests, roentgenologic examinations, as- 
piration of pus or exudate when present, and 
surgical intervention, when necessary, were 
performed on 140 patients who were hospitalized 
with a diagnosis of paragonimiasis at the German 
Red Cross Hospital in Pusan. Efforts were made 
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to examine a fair sample of the population in 
whatever group was under study, but naturally 
the samplings were imperfect in varying degrees 
because of the difficulties often encountered 
under local conditions. Care was taken not to 
include in the samples individuals who came 
from other localities and those who asked to be 
tested because of illness. 

The antigens for intradermal tests were pre- 
pared and the tests carried out as described 
previously.“-*: 4® All antigens were standardized 
to contain 10 mg of protein per 100 ml. The 
approximate areas of the wheals resulting from 
intradermal inoculations were measured rapidly 
after 15 minutes by means of previously prepared 
sheets of transparent photographic film on which 
calibrated separate rings outlining areas from 20 
to 700 sq mm had been traced. A test was read 
as positive for P. westermani infection when the 
area of the antigenic wheal was at least twice 
that of a control wheal if 90 sq mm or more, or at 
least thrice that of a control wheal if less than 
90 sq mm. In all individuals 3 intradermal tests 
were carried out on the volar surface of the 
same arm, with an acid soluble protein fraction 
of P. westermani (proximal position), an acid 
soluble protein fraction of Clonorchis sinensis 
(intermediate position) and a buffered saline 
Merthiolate® control solution (distal position). 

All personnel involved in the preparation of 
antigens and the performance of the tests were 
experienced people who had worked for a con- 
siderable amount of time under the direct 
supervision of one of the authors. Besides carry- 
ing out intradermal and sputum examinations, 
the auxiliary personnel made inquiries regarding 
the food habits of the individuals examined that 
might have contributed to the acquisition of 
lung fluke infection. The medical information 
was obtained from every individual by one of 
the authors with the assistance of a medical 
interpreter. This was done before intradermal 
and sputum examinations were carried out and 
kept unknown to the laboratory technicians in 
order to minimize the possibility of bias. 


RESULTS 


Intradermal Tests for Paragonimiasis 


A preliminary study was set up to obtain 
information on the sensitivity and specificity 
of the intradermal test for P. westermani. As 
indicated in Table 2, all of the 114 individuals 
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TABLE 2 
The sensitivity and specificity of intradermal test 
for P. westermani among individuals with proved 
infections and trematode-free from 
nonendemic areas 


controls 





Proved P. 
westermans | 


Negative 


Results of intradermal tests 
controls | 





Positive reactors* 114 3 


| 
Negative reactors oe t-@ 





114 | 


Total | 





ee Tests positive 114 
Sensitivity index = — — =— = 
All true positives 114 
Test negative 88 
=~ a an ow oe OF 
All true negative 91 


1 


Specificity index = 


* Individuals who developed a wheal to P. 
westermani with an area at least twice as large as 
that of a control wheal if 90 sq mm or more or at 
least thrice that of a control wheal if less than 
90 sq mm. 


with proved infections gave positive dermal 
reactions and 88 out of 91 apparently trematode- 
free controls gave a negative reaction. These 
results indicate a high degree of sensitivity and 
specificity of the antigen used and show that the 
definition of positivity given is applicable for 
areas where no other trematode infections are 
prevalent. 

Previously reported studies have shown that 
even with these relatively pure antigens, a certain 
amount of cross reaction occurs between Para- 
gonimus and Clonorchis infections.“ However, 
since the wheals resulting from inoculation with 
the homologous antigen are larger than those 
from the heterologous antigen, it was possible to 
differentiate between Paragonimus and Clonorchis 
infections in areas where these two parasites 
were endemic by introducing the two antigens 
simultaneously and by comparing the results.” 

The validity of this observation was tested 
on a group of 254 individuals with infections 
proved by recovery of eggs. Of these, 114 were 
the persons infected with P. westermani who in 
the previous experiment gave positive dermal 
reactions to Paragonimus antigen, and 140 were 
infected with C. sinensis. These people were 
tested by using both antigens simultaneously 
on the same individual. The results summarized 
in Table 3 indicate that a relatively high sen- 
sitivity and specificity can be obtained by apply- 





SADUN 


TABLE 3 
The sensitivity and specificity of intradermal test 
for P. westermani in areas in which C. 
infections are prevalent, by using both antigens 


sinensis 


in the same individuals 


Proved C. | 
sinensis, 
no P. Total 
westermant 
eggs found 


Proved P 


Results of intradermal tests ootemunl 


Positive 
P.  westermani 
actors* 
Negative 
P.  westermani 
actorst 132 





Total 114 


140 


ae, 109 
Sensitivity Index: — 
114 
we 132 
Specificity Index: — 
140 


0.95 


0.94 


* Individuals who reacted positively to P. 
westermani antigen and had a wheal larger than 
that produced by C. sinensis antigen. 

t Individuals who reacted negatively to P. 
westermani or had a wheal equal to or smaller 
than that produced by C. sinensis antigen. 


ing this method. Typical dermal reactions in 
these individuals (Figure 1) show that the area 
of the wheal resulting from the homologous 
antigen is considerably larger than that resulting 
from the heterologous antigen and in most cases 
the two can be differentiated even after a cursory 
examination by inexperienced workers. 
Analysis revealed that differences in the mean 
areas of the wheals resulting from intradermal 
inoculations with the homologous and _heter- 
ologous antigens are statistically significant 
(Table 4). These differences are even more evident 
when the dermal reactors are separated into 
groups according to the degree of reaction. As 
shown in Figure 2, weak reactors to the homol- 
ogous antigen also gave a correspondingly weaker 
reaction to the heterologous antigen and vice 
versa. In general, the ratio between the mean 
areas derived from the homologous and heterol- 
ogous antigens increased with the degree of 
This that by using both 
antigens in areas where both trematode infections 


response. indicates 


are present, the chances of error of interpretation 
are minimized, especially among strong reactors. 
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Observations among patients with proved 
double infections with P. westermani and C. 
sinensis indicated that, as a rule, the dermal 
reaction to the Paragonimus antigen is greater. 
Therefore, in those cases where both infections 
are present, C. sinensis is more likely to be over- 
looked than is P. westermani. To provide quanti- 
tative data for this observation, eight individuals 
with proved paragonimiasis and clonorchiasis 
were given intradermal tests and the areas of the 
ensuing wheals were measured. The wheals 
resulting from introduction of P. westermani 
antigen varied from 150 to 440 sq mm with a 
mean of 236 sq mm, and those derived from the 
C. sinensis antigen varied from 100 to 250 sq mm 
with a mean of 139 sq mm. Since in each of these 
eight individuals the dermal reaction to Para- 
gonimus antigen was greater than it was to 
Clonorchis antigen, in an epidemiological survey 
based on the standards set above, all eight would 
have been reported as reactors to P. westermani 
and not to C. sinensis. The mean areas obtained 
in these patients with both antigens were essen- 
tially similar to those reported from individuals 
with single Paragonimus or Clonorchis infections 
(Table 4), indicating that the presence of both 
infections does not increase significantly the 
degree of dermal reaction to either antigen. 

The frequency distribution of the wheal sizes 
to P. westermani and C. sinensis antigens was 
plotted from 384 patients with proved P. 
westermani infection. As indicated in Figure 3, 
a normal curve of distribution was obtained with 
both antigens. As was to be expected from the 
previous results, the distribution curve of the 
areas of wheals resulting from the P. westermani 
antigen was farther to the right of the abscissa 
than that resulting from C. sinensis antigen. As 
shown in Figure 4, both curves follow closely a 
straight line on logarithmic normal probability 
paper, indicating that they fit the pattern of 
logarithmic normal distribution. The frequency 
distribution of wheal sizes to the two antigens 
among 139 persons with proved infections with 
C. sinensis is shown in Figure 5. Once again the 
distribution curves of both antigens followed a 
normal pattern. However, as one might expect, 
in this group the distribution of the areas of the 
wheals resulting from the introduction of C. 
sinensis antigen was to the right of that obtained 
with P. westermani antigen. These curves also 
fit very closely the pattern of logarithmic normal 
distribution shown in Figure 6. 





PARAGONIMIASIS IN KOREA 


Fic. 1 
introduction of 1) P 
to bottom 


Dermal reactions in persons infected with P 


westermani antigen, 2) C. sinensis antigen, and 3 


westermani (left) and C. sinensis (right) following 


buffered saline control (from top 


TABLE 4 


The mean area of wheals resulting from intradermal 


antigen, and buffere 


Number tested 


Proved 
Proved C 


Negative cont rols 


westermani 


SUNETSILS 


Discussion on immunodiagnosis. The results of 
this study show the advantages and some limita 
tions of using the intradermal test with purified 
investigations — of 


antigens for epidemiologic 


paragonimiasis. A close relationship was ob 
served between results obtained with the intra 
Although the 
tests elicited some nonspecific reactions in persons 


infected with C. 


dermal tests and actual infections 


sinensis, if antigens from these 


two parasites were introduced at the same time, 


infected with P 
westermani or C. sinensis could be distinguished. 


the responses of persons 


injections of P. westermani antigen, C. sinensis 


d saline control 
Area of wheals in square millimeters 


inmensis antigen Buffered saline 


Mean S.I Mean S.E 
119 ‘ 4} 
157 : 14 

{8 40) 


However, when double infections occurred, only 
P. westermani reactions were reported, and thus 
some of the C. 

The immunodiagnosis of paragonimiasis is 
still at a tests 


were developed by Japanese?®4 and Chinese®®: 5 


sinensis reactors were missed. 


formative stage. Intradermal 


workers and some of them successfully employed 


oN 


these tests in epidemiologic investigations.2*~ 


Our investigations were based upon tests in 


which purified antigens were utilized; the various 
batches of antigenic substances were standardized 
to contain uniform amounts of protein; and the 
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tests were conducted and read as objectively as 
possible These standards were strictly enforced 
to meet the prerequisite of reproducibility 


In spite ol the encouraging results reported 
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here, it may be worth emphasizing that intra 


dermal sensitivity to Paragonimus antigen 1s 
only incriminatory evidence of present or past 
infection with P. westermani. Whenever possible, 
the results of 


related to 


the intradermal tests should be 


clinical findings, to the radiologic 


evidence of pulmonary lesions, and to epidemio 


logic observations of the presence ol infected 
fresh water crabs and crayfish. By 
the 
serologic 


be 


confirming 


these observations with results of sputum 
tests selected 


possible to draw a 


examinations and 


individuals, it should 
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Fic. 6. Cumulative percentage distribution of 
wheal sizes obtained with P. westermani and C. 
sinensis antigens in 139 individuals with proved 
clonorchiasis. 


much more accurate picture of the distribution 
and public health significance of paragonimiasis 
than is now available.“ 


Epidemiology of Paragonimiasis 


The purposes of this study were to evaluate 
the usefulness of intradermal tests for epidemio- 
logic investigations and to gain information 
concerning the distribution of this disease in 
relation to age and sex of the population. For 
these purposes, it was decided to concentrate 
our studies in two provinces. In one of these 
(Cheju-Do) paragonimiasis was assumed to be 
highly prevalent and clonorchiasis was rare; 
in the other (Kyong Sang Nam Do) both 
clonorchiasis and paragonimiasis were endemic.” 

Cheju-Do is an island measuring approximately 
70 by 30 kilometers located at the southern tip 
of the Korean peninsula. About 270,000 people 
live on the island and tend to be concentrated 
along the coast. There are several streams or 
small rivers on the island which originate from 
a central mountain and lead in several direc- 
tions to the sea. In these streams crabs and 
crayfish, intermediate hosts of P. westermani, are 
abundant. The people along the streams collect 
and eat fresh water crabs. Conversely, people 
in coastal villages somewhat removed from the 
streams primarily eat sea crabs. Of the 6 villages 
surveyed, 3 were situated along the banks of 
streams and 3 were at some distance from them. 
A more detailed description of the region has 
been published previously.” 

Kyong Sang Nam Do is situated on the south- 
east end of the peninsula on the delta of a large 
river (Naktong). The land is fertile and rice 
cultivation represents the main inland occupation. 
Fresh water fish infected with metacercariae of 
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C. sinensis have been found in this river and its 
tributaries. Crabs and crayfish are frequently 
found in mountain streams, especially in the 
spring and the fall, but not in the river. 

A total of 3,124 individuals was tested with 
P. westermani antigens in these two provinces 
(Table 5). Of the 1,370 persons examined in 
Cheju-Do, 46.8% were positive dermal reactors. 
In contrast, only 13.3% of the 1,754 examined 
in Kyong Sang Nam Do were positive. However, 
prevalence rates based on consideration of 
provincial boundaries alone are meaningless and 
often misleading (Table 5). In fact, in Cheju-Do 
Province, one could find 78.5% positive reactors 
in one village (Kang Chung Ri) and only 6% 
in another (Sin Hung Ri). In Kyong Sang Nam 
Do, the prevalence was very low in the three 
areas surveyed on the Naktong River and its 
tributaries (from 1.1 to 7.9%) and high in 
Undong, which is removed from the Naktong 
River and where mountain streams with crabs 
and crayfish are found. These observations 
emphasize the need to consider the habitat and 
the number and seasonal migratory behavior 
of infected crabs and crayfish, in evaluating the 


TABLE 5 
Prevalence rates of dermal reactors to P. westermani 
antigens in different localities in South Korea, 
adjusted for differences in age groups and sex 
composition 





Prevalence 
rates of 
reactors in 


Fresh water per cent 


Locality 


| Ad- 
Crade| justed 


373 Abundant 
500 | Abundant 
200 | Scarce 
100 | Searce 
100 | Searce 


97 | Abundant 


Kang Chung Ri 

Sogi Po 

Nam Wong Ri 
Sam Ka Ri 
Sing Hung Ri 
Nae Do Dong 


78.5) 78.0 
49.6| 48.3 
14.5) 12.6 
14.0) 15.5 
6.0) 12.7 





Total for 
Cheju-Do 





1,370 


405 | Scarce 
356 | Scarce 
413 | Scarce 
580 Abundant 31.3] 27.2 


Ulsan 
Taetjon 
Milyang 
Undong 
Total for 
Kyong Sang 


1,754 | 
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distribution of paragonimiasis. Averages based on 
artificially set boundaries are misleading. In 
addition, the influence of socioeconomic factors 
on the behavior and dietary habits of the popula- 
tion at risk is of importance. This is evidenced by 
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(i) Source = Demographic Yearbook 1954, United Nations 
(2) Source= Demographic Yearbook 1956, United Nations 


Fig. 7. Sex and age frequency distribution in 
populations of South Korea and Sweden (United 
Nations Demographic Yearbook, 1954, 1956). 
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the fact that among persons residing in the 
same rural district (Undong Myon) 25% of 
those living along the streams were positive, as 
contrasted to only 2.5% of those situated a few 
miles away.” 

Furthermore reports based on crude prevalence 
rates do not reflect the true situation until the 
relative age and sex make-up of the groups ex- 
amined is taken into account. This is particularly 
true in this study where a disproportionate 
number of the persons examined were in the 
group of 10 to 14 years. Most of the people were 
reached through the active participation of the 
headman in each village, the chief of the county 
(gun), the police and local health officials and, 
in the schools, the principal and teachers. These 
people co-operated fully at all times. However, 
it soon became evident that a random sample 
of the population could not always be obtained 
for investigation. Frequently, when the general 
population was examined, one could not exclude 
all individuals who had come specifically be- 
cause they were ill and felt the need of medical 
assistance. Therefore, in order to obtain a 
relatively unbiased group of people, a large 
sample of our population was taken from children 
in classrooms where nearly all individuals in 
these age groups could be examined. The age 
and sex distribution of this technologically 
underdeveloped population differs from that of a 
highly industrialized country (Figure 7). There- 
fore, to reduce errors of interpretation, the 
prevalence rates in various localities were ad- 
justed for age and sex with the age and sex 
distribution of the whole South Korean popula- 
tion being used as a standard (Table 1). A 
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Fic. 8. Prevalence of dermal reactors to P. 
westermani antigen in relation to sex and age 
among 826 individuals in areas of high endemicity. 


comparison of crude and adjusted rates is given 
in Table 5. 

The results of the intradermal tests carried 
out in areas of high endemicity (Cheju-Do 
and in Undong) were pooled for an analysis of the 
age and sex distribution of infection. 

Males had a significantly higher prevalence rate 
than females, the ratio being 1.28 in Cheju- 
Do, 1.52 in the areas along the Naktong River 
and tributaries, and 1.69 in Undong. The 1,950 
persons included in this study were separated 
into 7 age groups (Table 6). The relation of age 
to the prevalence of dermal reactors in areas 
of high endemicity is shown graphically in Figure 
8. In both sexes the prevalence increased up to 
the age group of 25 to 34, and decreased in 
older age groups. 

Before attempting to interpret the significance 
of these findings it was deemed necessary to 
determine whether the decrease in the percentage 
of dermal reactors in older age groups might be 
due to a reduced dermal sensitivity among older 
people. Therefore, the age specific prevalence rates 
of dermal reactors to P. westermani and C. sinensis 
the percentage of 
reactors to P. westermani increased up to age 30 


were compared. Whereas 
and then decreased, the percentage of reactors 
to C. sinensis continued to increase up to age 50, 
at which age 80% of the population tested was 
positive (Figure 9). This indicates that adequate 
dermal reactions are observed in older people 
and that the decrease in prevalence found for 
P. westermani must be due to other factors. 
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Among the positive dermal reactors in areas 
of high endemicity, single sputum examinations 
were performed on 824 individuals, 182 from 
Undong and 643 from Cheju-Do. In both areas 
the percentage recovery of eggs from positive 
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Fic. 9. Prevalence of dermal reactors to P. 
westermani (826) and C. sinensis (363) antigens in 
relation to age among individuals in areas of 
high endemicity. 
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Fic. 10. Proportion of dermal reactors among 
824 individuals residing in two areas of high prev- 
alence (Undong and Cheju-Do) and in whom 
P. westermani eggs were found by a single examina- 
tion of sputum. 
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reactors increased with age (Figure 10). This 
suggests that single sputum examinations are 
less likely to detect pulmonary paragonimiasis 
in the lower age groups. This is particularly 
significant since specific symptoms occur less 
frequently in children. 

In a further attempt to determine whether 
the degree of dermal response to P. westermani 
is related to age, the data on 384 tested individuals 
with proved paragonimiasis were analyzed. As 
indicated in Figure 11, the intensity of response 
increased with age up to 50 years, after which a 
fairly rapid decrease was observed. 
that the degree of 
dermal reaction may be related to the intensity of 
infection and/or the number of subsequent 


These findings suggest 


ingestions of metacercariae of P. westermani. 
Since egg counts are a poor index of the intensity 
of this infection, the frequency distributions of 
wheal sizes to P. westermani antigen were com- 
pared among a) patients with proved heavy 
infections and hospitalized with symptoms of 
paragonimiasis, b) positive reactors among the 
survey population in areas of high endemicity 
(presumably intermediate intensity), and c) 
positive reactors in areas of moderate endemicity 
(presumably relatively low intensity). As in- 
dicated in Figure 12, all three curves fit approxi- 
mately a pattern of logarithmic normal distribu- 
tion, but the higher the assumed intensity of 
infection or number of reinfections, the more to 
the right is the distribution curve. 

A review of the records of proved infections 
with P. westermani conveyed a suggestion of a 
familial pattern of infection. Of 140 hospitalized 
individuals, 10 


were distributed among 2 or 


more members of the same families. Of 102 dermal 
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Fic. 11. Relationship between mean size of 
dermal reaction and age of 384 individuals with 
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infections 

-——— Reactors in survey population 
(heavy endemicity) 
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Fic. 12. Frequency distribution of wheal sizes 
obtained with P. westermani antigen in 140 in- 
dividuals with proved paragonimiasis, 269 reactors 
in areas of heavy endemicity, and 266 reactors in 
areas of moderate endemicity. 


reactors in Undong, 18 were distributed among 
2 or more members of the same families. Although 
a thorough analysis of these findings was im- 
possible since no breakdown by families of the 
population examined was available, the above 
figures strongly suggest that members of the 
family of infected individuals have a greater 
probability of infection with this parasite than 


the population at large. This is not surprising in 
view of the common dietary habits and common 
sources of food to be found within the family. 
Discussion on epidemiology. The distribution of 
dermal reactors in the two provinces examined in 
South Korea 
geographic conditions and habits of the people. 


van be appraised in relation to 


It was observed that the areas of heavy 
endemicity for P. westermani were found in the 
neighborhood of mountain streams where crabs 
and crayfish, the second intermediate hosts of 
this trematode, were abundant. Conversely, in 
areas situated some distance from these mountain 
streams, a low prevalence of dermal reactors was 
found. This may be due either to a greater crab 
consumption by the former group, or to a greater 
degree of infection in the crabs due to a direct 
fecal pollution of the waters, or both. These 
findings are in sharp contrast to those relating 
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to the distribution of reactors to C. sinensis. 
The fish intermediate host of this trematode was 
either scarce or absent in the mountain streams. 
Therefore, only a few of the individuals tested 
in this area were C. sinensis positive, whereas in 
those areas around the Naktong River and its 
tributaries, where the intermediate host of this 
trematode is abundant, and where crabs are 
scarce or absent, numerous C. sinensis positives 
were found. 

There was a significant difference between the 
two sexes in the prevalence of Paragonimus 
reactors found in all the areas studied. The 
prevalence among males was higher in all age 
groups, possibly related to the fact that raw 
crabs are consumed frequently while drinking 
alcoholic beverages, which in Korea is done 
primarily by the males. A low prevalence was 
found in children of both sexes under 9 years of 
age. This probably is due to the fact that a 
young child is rarely fed raw crabs or crayfish. 
The most rapid average increase in rate of 
infection was observed to take place at 10 to 14 
years of age. This is not surprising since by the 
time a person is 14 years of age, he has already 
established the food habits of adulthood. An 
increase in prevalence continued up to the age 
group 25 to 34 and decreased afterwards. From 
these observations it seems likely that, in the 
highly endemic areas of South Korea, infection 
is not acquired sporadically by accidentally 
ingesting infected crabs, but is a gradual process 
which continues into adulthood. These findings 
are in agreement with those of previous investi- 
gators." 35 & 

In the age group of highest prevalence for P. 
westermant (25-34 years) approximately 50% of 
the individuals tested in areas of high endemicity 
were positive reactors. In the age groups of 
highest prevalence for C. sinensis (45-54 years) 
approximately 85% of the individuals tested in 
areas of high endemicity were positive reactors. 
This difference between the two trematode 
infections could be interpreted as being due, in 
part at least, to the fact that nearly everyone in 
Korea eats raw fish, whereas relatively few eat 
raw crabs. 


The decrease in prevalence among the higher 
age groups could be due to the lack of uniform 
randomization of the sample observed in different 
age groups. However, whatever bias might have 
been introduced by the lack of uniform sampling 
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should have been considerably reduced by the 
relatively large number of persons tested. Obser- 
vations on hospital populations and surveys by 
previous investigators*® strongly suggest that 
this decrease of infection among older adults is 
real. Several factors should be considered in 
interpreting the decreased prevalence in dermal 
sensitivity. 

1. There is probably a decrease in the con- 
sumption of raw crab meat by older individuals. 

2. In the course of control measures conducted 
in South Korea during Japanese occupation™ 
hundreds of thousands of crabs were destroyed 
every spring and the sale of crabs was prohibited 
by law. Since World War IT, no strict enforcement 
of this law has been applied. A similar situation 
has been reported in Formosa where an increase 
in the prevalence of paragonimiasis has occurred 
since the evacuation of the Japanese,“ because 
of the removal of laws regulating the sale and 
consumption of crabs. 

3. Although it has been reported that infections 
may persist for over 20 years,®: * there are ample 
indications from our observations and from a 
review of the literature that spontaneous cures 
do occur. Fibrosis and calcification have been 
observed in the lungs of patients.!* ** * These 
observations are not necessarily contradictory to 
those of Miller and Walker, who reported that 
the small amount of calcifications seen in their 
patients had the appearance and location of 
healed tuberculosis, since their study was con- 
ducted on prisoners of war who by virtue of their 
youth were unlikely to have old Paragonimus 
lesions. 

4. Buck et al.“® observed that some recovered 
individuals may revert to non-reactors or show a 
markedly decreased sensitivity. 

5. As shown in the following section, para- 
gonimiasis frequently causes complications which 
may eventually lead to death. Therefore, a large 
proportion of the infected individuals, especially 
those with central nervous system invasion, 
empyema, or heavy pulmonary infections, may 
die either as a direct result of infection or from 
complicating factors. 

Among infected individuals there was evidence 
of an increased intensity of infection with age up 
to late adulthood. This was indicated by a much 
greater frequency in the recovery of eggs among 
dermal reactors, and by an increase in the mean 
intensity of dermal reaction with increasing age. 
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Clinical Studies 


General. Although paragonimiasis has long 
been recognized as an important disease of man 
in Asia, only scattered and limited clinical infor- 
mation is available, since facts have been secured 
by several investigators, at different times, and 
on small numbers of patients. 

In the course of the present investigation, 
clinical information was obtained on 477 indi- 
viduals infected with P. westermani. Of these, 
309 were males. Of the total, 270 were indi- 
viduals from the survey population who were 
classified as positive after eggs were found in a 
single sputum examination, 64 were out-patients 
classified as positive after eggs were seen in the 
course of repeated sputum examinations, 140 
were patients who had been hospitalized with a 
diagnosis of paragonimiasis, and 3 were autopsy 
pases. 

The pathology of paragonimiasis in general is 
that of a chronic inflammatory process and the 
special clinical manifestations are due to the 
involvement of special organs which gives rise to 
diverse symptoms such as cough, pains, hemi- 
plegia, diarrhea, abdominal swelling, and others. 
The two most common subjective symptoms are 
reported to be cough and the presence of reddish 
brown sputum, occasionally accompanied by 
fever and chill.“ In order to study further this 
particular aspect, case histories were obtained 
from all individuals contacted in the course of 
the surveys before the results of the intradermal 
tests and sputum examinations were known. In 
addition, 63 individuals among those who had 
been hospitalized were interviewed extensively. 

The age-sex distribution of all the paragoni- 
miasis cases from which clinical data were ob- 
tained is shown in Table 7. The lists of complaints 
reported from the survey population and the 
hospitalized patients are tabulated separately 
(Tables 8 and 9). 

Although the majority of patients with proved 
paragonimiasis had symptoms usually attributed 
to this disease, surprisingly large numbers had 
either no complaints or were severely ill. 

The highest percentage of asymptomatic in- 
fected individuals was found in the younger age 
groups (Figure 13). The significance of these 
findings will be discussed later. 

Duration of symptoms. There has been little 
reliable information on the length of life of the 
adult fluke in the definitive host and on the 
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TABLE 7 
sex distribution of 477 P. westermani 
patients from whom clinical 
data are available 


Males 


Age and 


Females Both sexes 


| No. No. | % No. | % 

| 

| 9} 2. 3.0! 14] 2.9 
| 110 | 35. 39.3 | 176 

| 104 | 34. 26.2 | 148 | 31. 
| 43| 13. 10.1} 60| 12. 
| 17] 5. 5| 9.5] 33 
13 2 7.1| 25 
8 


+55 13 2 | | 4. 21 





| 
Total. .| 309 


100.0 


168 | 100.0 | 477 


duration of symptoms resulting from infection. 
Histories of infections contracted by people in 
endemic areas do not furnish reliable information 
since symptoms due to recurrence of infection 
may be attributed to the initial infection. How- 
ever, there are indications that flukes may live 
for many years and that symptoms may also 
remain for a long time. Fehleisen and Cooper™ 
reported the case of a Japanese who had been in 
California for 6 years and was suffering from 
paragonimiasis which had been diagnosed while 
he was still in the Orient. Abend® described a 
person with a suggestive history of infection for 
23 years, the first ten of which may be discounted 
because of residence in an endemic area, but the 
symptoms continued for 13 years after coming to 
attention in a German hospital. 

Among the patients included in our series, two 
persons over 60 years of age gave a history of 
complaints lasting 20 years. The shortest du- 
ration of symptoms reported was 15 days in a 
patient 26 years old. The mean duration of 
symptoms and range of variability increased with 
age (Figure 14). The increasing standard devi- 
ation indicates frequent newly acquired infections 
and exacerbations, as well as old infections, in 
the older age groups. A preponderance of symp- 
toms of relatively short duration (1 to 3 years) 
was encountered (Figure 15). In 15 of the 140 
hospital cases, no eggs could be demonstrated 
although radiologic and immunodiagnostic tests 
were positive. These individuals came from areas 
where the infection was prevalent, gave a history 
of frequent consumption of crabs or crayfish and 
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TABLE 8 
Subjective complaints existing at time of testing among 270 individuals with P. westermani eggs in sputum 
detected in the course of a survey 


Symptoms 


Bloody sputum 

Chest pain 

Cough without sputum 

Bloody urine 

Headache and 
disturbances 


other neurologic 


No complaints 


Total number in age group 


TABLE 9 
Subjective complaints existing at time of testing 
among 68 individuals hospitalized with 
clinical paragonimiasis 


| No. of 


> i 
Complaints persons 


% of total 


General 
General weakness 
Loss of weight 
Loss of appetite 
Fever 
Night sweating 
Edema of the legs 

Pulmonary 
Cough 
Sputum mixed with blood 
Brownish or pigmented sputum 
Profuse hemorrhage 
Chest pain 
Dyspnea 
Neurologic 
Headache 
Neuralgia 
Numbness of extremities 
Dizziness 
Convulsions 
Other 

Abdominal pain 
Skin tumors 
Bloody urine 


stated that in the past they had noticed cough 
with bloody sputum, which later ceased spon- 
taneously. The relationship between duration of 
symptoms and presence of eggs in these 140 


Age groups in years 


58 | 
70 | 


hospital cases is summarized in Figure 16. About 
80% of the hospital patients with clinical 
paragonimiasis in whom no eggs were found were 
among those with a duration of symptoms of less 
than 12 months. Of these the highest proportion 
was in the group with a mean duration of symp- 
toms of 3 months. The passing of eggs was 
increasingly common in people with longer 
duration of symptoms and reached 100% in 
individuals with a history of symptoms lasting 
about 8 years or more. 

Incubation period. No information is available 
on the prepatent and incubation periods for P. 
westermani in humans. The term “prepatent’’ is 
applied to the period elapsing between the 
ingestion of metacercariae and the appearance of 


—— Specific Complaints (bioody, brownish or 
pigmented sputum) 
No Complaints at all 
Number of Individuals in Age Group 








i i 
10 20 30 
(102) (84) (26) (19) (20) (19) 


Age in Years 


Fra. 13. Relationship between complaints and 
age among 270 individuals with P. westermani 
eggs in the sputum, detected in the course of a 
survey. 
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Duration of Complaints in Yeors 
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Age in Years 


Fig. 14. Relationship between duration of 
specific complaints (mean deviation SD) and age 
in 355 individuals with paragonimiasis. 
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Fic. 15. Frequency distribution of the duration 
of complaints among 355 individuals with para- 
gonimiasis. 


eggs, whereas the incubation period extends from 
the ingestion of metacercariae to the appearance 
of symptoms. Worms from experimentally in- 


fected cats and dogs were found to be sexually 
mature and eggs were found in the feces approxi- 
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Fic. 16. Relationship between the duration of 
symptoms and the recovery of eggs in 140 in- 
dividuals hospitalized with paragonimiasis. 


mately 6 weeks after metacercariae were fed to 
these animals (prepatent period). The usual 
incubation period in cats and dogs varied some- 
what with the intensity of infection and the age 
of the animals. When large numbers of meta- 
cercariae were given to a young animal, obvious 
disease manifestations appeared 3 to 4 weeks 
afterward and frequently the animals died before 
the end of the 2nd month. 

The paucity of information on this subject is 
due primarily to the fact that paragonimiasis in 
endemic areas is acquired without recognizable 
outbreaks. Some information on the incubation 
period came from a study of one family of five 
living in Pusan, four of whom had eaten crabs on 
only one occasion. These crabs had been collected 
from a rural district where the infection is 
prevalent. The mother, 38 years old; the daughter, 
14 years old; the son, 11 years old; and the maid, 
17 years old, became ill with different mani- 
festations following ingestion of crab meat. The 
mother and daughter were found to have pulmo- 
nary paragonimiasis. Their first recognizable 
symptoms appeared at the same time, approxi- 
mately 15 weeks after consumption of the crab 
meat. The son developed testicular symptoms 
(cysts on the side of a testicle) 11 weeks after 
ingestion of the infected crabs and pleural effusion 
at 17 weeks. The was found to have 
empyema due to P. westermani. Her first symp- 
toms appeared at 19 weeks. As indicated by these 
schematic case histories, the earliest symptoms 
(11 weeks following infection) were reported for 
the case of testicular paragonimiasis. The pulmo- 
nary symptoms occurred between 15 and 19 
weeks following exposure to infection. In general, 
they indicate that in moderate infections the 
incubation period in humans is approximately 3 


maid 
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months, but in heavy infections it may b- much 
shorter. 

Support for the above statement can be found 
in the account of an epidemic of paragonimiasis 
aboard a ship, related to us by Dr. H. B. Shook- 
hoff, Division of Tropical Diseases, Department 
of Health, New York City. Dr. Shookhoff found 
P. westermani eggs in the sputum ofa 29-year- 
old patient. This merchant seaman, who appeared 
to be reliable, well educated and with a good 
command of the English language, reported that 
over a period of approximately 1 week, he and 
34 other crew members ate nearly 50 pounds of 
uncooked crab meat purchased in Japan. About 
1 week after finishing the crab meat, he and 
several others developed fever and a pimply skin 
eruption. After another week (14 to 21 days after 
ingestion of the meat) most of them developed a 
cough, and some complained of pain in the right 
upper quadrant. These individuals were presumed 
to be heavily infected. Three patients were known 
to have died during the first few months after 
ingestion of the crab meat. The type of the disease 
manifestations and dates of occurrence closely 
parallel our observations made with experimental 
animals which were given large numbers of 
metacercariae. 

Symptomatology. The clinical observations con- 
cerning paragonimiasis have been largely confined 
to the symptoms of the pulmonary and cerebral 
types of infection. Previous workers have pro- 
vided sufficient data on these types to give a 
rather satisfactory clinical picture of the disease. 
However, as was observed by Musgrave,” and 
others'® 45 extrapulmonary and_ extracerebral 
types of paragonimiasis are much more frequent 
than is generally recognized. 

The most common symptoms of paragonimiasis 
text 
expectoration, and hemoptysis.®: 
toms are 


according to various books are cough, 
59 These symp- 
many other 
among which the most prevalent is pulmonary 
tuberculosis. In our series of 140 hospitalized 
patients with pulmonary and extrapulmonary 
paragonimiasis, the observed symptoms were 
frequently of such a nonspecific character that by 


themselves they would not have led to a diagnosis 


common to conditions 


of paragonimiasis. Furthermore, the clinical 
picture in many cases was complicated by 
symptoms due to unrelated lesions of concomitant 
diseases. Many of these patients were infected 
with parasites such as Ascaris lumbricoides, 
Trichuris trichiura, hookworm, Clonorchis sinensis 
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and Entamoeba histolytica. Others had nutritional 
deficiencies, hypochromic anemia, and various 
chronic conditions. The only general conclusion 
which could be reached was that both the 
symptomatology and the progress of the disease 
were influenced to a very large extent by con- 
comitant disease conditions. Even when death 
occurred, it was very difficult and frequently 
impossible to determine with certainty whether 
the patient died with or as a result of paragoni- 
miasis. This was less frequently the case among 
patients in whom acute pathologic processes were 
produced by the flukes located in the central 
nervous system. 

Among the 140 hospital patients, 18 (138% 
would have required hospitalization for diseases 
other than paragonimiasis. Eight of them had 
active pulmonary tuberculosis, one had leprosy, 
two had syphilis, one had bronchopneumonia and 
sinusitis, and two had advanced malnutrition. 
The following parasites were found in the stools: 
A. lumbricoides 58%; T. trichiura 52%; hook- 
worm 22%; and C. sinensis 8%. At the time of 
admission only 11 patients (7.8%) had fever 
(up to 38.5°C) which could not be attributed to 
any other specific condition. In spite of this 
complex picture which made it frequently difficult 
to determine with certainty which were the 
symptoms due to paragonimiasis per se, there 
were general characteristics which were common 
in the majority of the patients. 

Since the symptomatology is determined to a 
large extent by the location of the parasites, a 
study was made of this aspect of the disease 
(Table 10). Although there was a relatively high 
percentage of lesions found in organs other than 
the lungs (30.7%), pulmonary paragonimiasis 
with or without extrapulmonary involvement was 
present in 93.8% of the cases. No relationship 
was observed between the age of the patients and 
the frequency of pulmonary involvement. How- 
ever, among the individuals with extrapulmonary 
lesions (pleural and extrathoracic) a distinct 
correlation with the age of the patients was ob- 
served, the peak for all types of extrapulmonary 
manifestation being in the age group of 25 to 34 
years (Figure 17). This was true for individuals 
with marked pleural lesions as well as for those 
with extrathoracic lesions. 

The “typical” symptoms of pulmonary and 
cerebral paragonimiasis have been adequately 
described in the literature and summarized in 
various textbooks. However, there is an “atypi- 
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TABLE 10 


Relationships between age and organ distribution of P. westermani (143 cases, including 3 autopsies) 


Age group Total no Lungs Pleura Brain 


5-9 
10-14 
15-24 
25-34 
35-44 
+45 


Total 


cal” picture which occurs rather frequentyl, 
particularly when organs other than the lungs 
and brain are infected. A brief description of 
symptoms and manifestations associated with 
various organ involvements is therefore given 
here to underline the frequent deviations from 
those commonly described in the literature and 
to add new information gained in the present 
study. 

1. Pulmonary. Among hospitalized individuals 
under daily observation, the frequently described 
brownish red sputum was observed in a majority 
of the cases and was usually produced early in the 
morning. However, in about 20% of the cases 
this type of sputum was not seen. Furthermore, 
even in the 80% who passed brownish red sputum 
there were periods of days and sometimes even 


All Extrapulmonary 
Lesions 
Extrathoracic Lesions 
Pleural Effusion and 
Empyema 

Number of Cases in 
Age Group 


Per Cent Distribution of Lesions 








10 20 30 
(9)(39) (50) (27) 


Ace in Years 


40 
(14) (4) 


Fig. 17. Distribution of extrapulmonary lesions 
caused by P. westermani according to age among 
140 hospitalized cases and 3 autopsies. 
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weeks in which the sputum decreased in quantity 
and changed its characteristics so as to be in- 
distinguishable from that seen in individuals 
suffering from purulent bronchitis or bronchial 
pneumonia. These findings are in agreement with 
the observations reported by Musgrave.” Fever 
was observed frequently on the day of admission 
to the hospital, but usually decreased under bed 
rest and often disappeared without any specific 
treatment. In many cases with isolated cysts, 
and even in some cases with multiple cyst for- 
mations in the lung, auscultation and percussion 
did not reveal any pathologic conditions. 

2. Pleural. Besides the classic symptoms which 
are common to all types of exudative pleuritis 
and empyema, there were some findings charac- 
teristic of pleural paragonimiasis. A diagnostic 
puncture usually produced an orange colored 
exudate containing numerous leukocytes with a 
high proportion of eosinophilic cells (up to 80%) 
and relatively few lymphocytes. On bacterio- 
logical culture the exudates and pus were sterile. 
Occasionally a few eggs could be found in the 
sediment. The picture is usually less acute than 
that observed in exudative pleuritis of tubercu- 
lous origin. The fluid was less in quantity, was 
frequently encapsulated in multiple chambers, 
and in none of our 22 cases did it produce me- 
chanical dislocation of the mediastinum. 

3. Genito-urinary. This rather uncommon 
manifestation was observed in four patients. 
None of them had acute or dramatic symptoms. 
In two cases there was marked swelling of the 
scrotum not associated with pain or discomfort. 
P. westermani cysts in the pelvis of the kidney 
were seen in two patients. Tenderness and pain 
in the region of the right kidney, fever, and 
microhematuria were observed in one individual. 
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Blood was normal. The complete 
absence of acute clinical symptoms possibly is 
characteristic of genito-urinary paragonimiasis 
and may account for its being so infrequently 
detected,™ ® © except at autopsy.” 

4. Cerebral. Most cerebral came to 
attention at a time when the acute phase of the 
had already passed its culmination. 
Symptoms such as hemiplegia, paralysis and 
intermittent epileptic attacks were present. No 
information is available about the percentage 
mortality of such acute infections, although it is 
suspected to be rather high.’* In three of our 
cases the complete progress of the symptoms was 
known. Headaches lasting 2 to 6 weeks increased 
with time and were associated with 
vomiting and fever. Later on, there was mental 
confusion and finally total unconsciousness for 
periods of 2 to 4 days. Reflexes were found to be 
hyperactive with ankle and patellar clonus oc- 
curring in two of the three patients and signs of 
increased spinal fluid pressure were evident in 
all three. Death occurred in one who had Para- 
gonimus cysts in the left temporal and frontal 
lobes. One patient eventually recovered without 
residual neurologic disturbances, and epileptic 
attacks did not appear during 8 weeks of obser- 
vation following the acute stage. At this time the 
patient was discharged from the hospital and 
was no longer available for observation. In the 
third patient, epileptic attacks occurred after 
three adult flukes were removed from the left 
hemisphere of the brain. In all cases the spinal 
fluid contained an increased number of leukocytes 
(13 to 120 per cmm) and increased protein. The 
amount of glucose was either normal or slightly 


pressure 


cases 


disease 


nausea, 


increased. 

5. Abdominal. Among three patients with P. 
westermani cysts in the abdomen, one had no 
abdominal complaints at all, although seven 
flukes were found at autopsy variously located in 
the mesentery of the small intestine, attached to 
the sigmoid colon and to the peritoneum. One of 
these cysts was in communication with the tip of 
the appendix. The symptoms observed in the 
other two patients were quite different. In one, 
they were indistinguishable from those of acute 
appendicitis. There was muscular guarding of the 
abdomen, diffuse pain, tenderness which was 
maximal in the region of McBurney’s point, 
moderate fever (38.3°C), increased blood sedi- 
mentation rate and a slight leukocytosis. Lapa- 
rotomy revealed an appendix of normal appear- 


579 


ance, but numerous brownish-gray nodules were 
spread diffusely in the mesentery. After P. 
westermani eggs were demonstrated histologically, 
a final diagnosis of abdominal paragonimiasis was 
reached. The third patient frequently com- 
plained of diffuse, vague abdominal pains which 
from time to time were colic-like. Numerous P. 
westermani eggs were found in the stools. In the 
course of a laparotomy which was performed for 
a hernia femoralis, multiple nodules containing 
P. westermani eggs were seen in the pelvis. 
Proctoscopy revealed an isolated bluish-gray cyst, 
at a depth of 24 cm in the wall of the sigmoid 
colon, tentatively diagnosed as due to P. wester- 
mani. 

6. Subcutaneous. One case was observed with 
two cyst-like growths under the skin of the 
abdominal wall. One was approximately 3 cm in 
diameter and was situated 5 cm below and to the 
left of the xyphoid process. The second was 
approximately 1 cm in diameter and was in the 
right upper quadrant of the abdominal wall. Both 
cysts were non-tender and showed fluctuation 
and free passive motility against the underlying 
tissues. Aspiration from the larger cyst revealed 
a gray-yellow fluid containing detritus of leuko- 
cytes but no Paragonimus eggs. A definite 
diagnosis was reached only after eggs were seen 
in the histologic examinations of the excised 
cysts. 

Recovery of eggs. Since the clinical picture of 
paragonimiasis is not well defined, an unequivocal 
diagnosis of this infection usually depends upon 
the recovery of eggs of the parasite. Although 
eggs were found by sputum examinations in 
79.2% of the cases with pulmonary manifes- 
tations, in 20% of them eggs were found only 
after numerous examinations. When direct 
sputum examinations failed to show eggs in 
cases of suspected paragonimiasis, all sputum 
produced during a 24-hour period was examined 
by antiformin concentration. The technique of 
concentration was the same as that used for the 
detection of acid fast bacilli in cases of suspected 
tuberculosis. Also, special concentration tech- 
niques were used in the examination of stools for 
3 consecutive days and again after 10 days if the 
results were negative. Komiya and Yokogawa® 
have shown the value of including stool exami- 
nations as a routine method for recovering 
Paragonimus eggs, especially from children as 
they have a greater tendency to swallow the 
sputum. Even by using these methods, eggs were 
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recovered from several patients only after a 
prolonged series of examinations. In one of the 
patients with pulmonary paragonimiasis, 27 
specimens were examined before eggs could be 
found. 

In extrapulmonary infections the recovery of 
eggs is difficult, and often impossible, unless an 
open communication the P. 
westermani cysts and the external environment. 


exists between 


This is also true of pulmonary cases which are 
mild, latent, or therapeutically affected. The 
difficulty of obtaining eggs for diagnostic purposes 


has stimulated interest in immunologic means of 
augmenting clinical and laboratory findings. In 
particular, the intradermal test and the comple- 
ment fixation reaction have been of considerable 
help in establishing the diagnosis. Of the 140 
hospital with various manifestations of 
paragonimiasis, 19 were admitted for further 
diagnostic studies because they gave a positive 
intradermal or complement fixation test, although 
eggs could not be recovered at the time of the 
first examination. These 19 patients included 15 
with pulmonary manifestations (3 complicated 
by empyema and by pleural effusion), 2 with 
cystic tumors beside a testicle, one with a history 
of hematuria, and one with skin tumors of un- 
determined origin. After repeated examinations 
eggs were recovered in 13 of these cases. In the 
other six, the diagnosis of paragonimiasis was 
reached on clinical and laboratory grounds after 
numerous tests had been performed. 

It is generally stated that a diagnosis of 
paragonimiasis should be confirmed by finding 
eggs in the sputum and feces. However, a search 
for eggs in other locations should also be carried 
out. In Table 11, 125 hospital patients, from whom 
Paragonimus eggs were recovered, were divided 
according to the type of specimen in which the 
eggs were first found. Not included in this table 
are those cases in which flukes were first found 
at surgery or autopsy. Twice flukes were found 
in the brain, once in the mesentery, once in the 
kidney, and twice in the lungs. Attention should 
be called to the fact that in the one patient listed 
as stool positive, stool examinations were positive 
only once and eggs were never recovered in the 


pases, 


sputum. In many instances eggs were found both 
in the sputum and the stool, although they were 
first found in the sputum. When patients pro- 
duced very little sputum mild expectorant drugs 
were administered. 

In approximately 8% of the individuals, the 
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TABLE 11 


Type of specimen in which P. westermani eggs 


were first found 


Specimen No. of cases} % of total 
Sputum direct* 103 

Sputum antiformin 16 

Histologic sections* 6 

Pus and pleural effusion ‘ 

Stool 


Urine* 0. 


* In four cases eggs were found in the sputum 
and in histologic sections; in one case, in the 
sputum and urine at the same time. 


recovery of eggs to confirm the clinical diagnosis 
was possible only by examination of specimens 
other than sputum (Table 11). In nearly 5%, eggs 
were found in surgically removed tissue or in the 
pus of the empyema. In one case eggs were found 
on the first pleural puncture, but in another only 
after the ninth puncture. 

Besides the recovery of eggs and the results of 
immunodiagnostic tests, there are several other 
findings which together with clinical data may be 
of considerable help in establishing a diagnosis of 
paragonimiasis. Important among these are the 
typical cystic nodular lesions found in roentgeno- 
grams of the chest, the presence of pleural 
reactions especially when on both sides, the 
orange color of pleural effusions, and the presence 
of a large percentage of eosinophils in the pleural 
exudate. The topographic diagnosis of various 
extrathoracic lesions may require such diagnostic 
procedures as endoscopy, proctoscopy, ureteral 
catheterization, pneumoencephalography, arteri- 
ography, and most important of all, surgical 
exploration. 

Numerous articles 
have been published recently on the roentgeno- 


Roentgenologic diagnosis. 


logic diagnosis of paragonimiasis. Whereas Berco- 
vitz reported 33 patients with proved para- 
gonimiasis in whom no typical roentgenologic 
findings were observed in the chest radiograms, 
other radiologists described characteristic le- 
sions.!>: 16, 30, 35, 36, 53, 63, 64 Chien®® and Geher® 
described a typical pattern of pulmonary changes 
due to paragonimiasis from the very early active 
stages to the late and residual stages after the 
parasites had died and the disease had disap- 
peared clinically. These two authors described 
four distinct stages characterized by typical 
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Fig. 18. Infiltrative form of pulmonary paragonimiasis in a l4-vear old male Tomography revealed 


the presence ol solid infiltrates. No eysts nor cavities could be detected 


roentgenographic lesions: infiltrative, nodulas The nodular stage is characterized either by 
fibrotic and calcified solated nodules of light density with vacuoles 

The following characteristics, types, and stages and radiating lines*® or by cysts containing 
of pulmonary lesions were observed in the series wcuoles caused by air which has entered the 
of 140 hospitalized patients who were frequent cavity from the bronchioli.** At this stage the 
examined roentgenologi ally The infiltrative ocal inflammation has disappeared and cysts are 
stage represents the initial reaction of the host to | formed around the flukes. Geher® is of the 
a pulmonary infection with P. westermani. At ypinion that only the latter stage can permit a 
this time a localized pneumonitis with cloud) roentgenologic differentiation of pulmonary para 
infiltration, regular lines and without cysts is ob gonimiasis from other conditions. This stage may 
served. The pathology of this stage is that of a li a few months or a few vears after which the 
local inflammation. Figure 18 shows an example — process becomes regressive, either spontaneously 


of this tvpe ol lesion as seen radiologicall or as a result of treatment Within this stage 


Tomography did not reveal cavities or cysts  Geher® described three radiologic types which 
| } 


within the area of infiltration. Although P. wester ary according to the localization and spread of 


> 


mani eggs could not be found in repeated sputum — the lesions: 1) basal, 2) infraclavicular and 3 
and stool examinations at the time this radio disseminated. The basal type is characterized by 


gram Was taken, they were recovered 2 months one or more round or elliptical nodules which 


later may merge and may contain typical vacuoles. 
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basal tvpe) lesion. Tomography of the lower part of the left lung revealed 


ivilt located above the left diaphr igm at 9O mm dorsal distance 


infraclavicular lesion ‘Tomogt iphy of the infraclavieular region of the 


ited 


t\ pe 


it 100 mm dorsal distance 
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Inch 


iracterized by simi whereas that of pulmonary tuberculosis usually 
tends to be apico-caudal. This eaudo-apical pro 


be Miller and 


observed “apex 


upper or middle parts of 
the chest onlky 


that 


ipparent sine 
although the 
all portions of the lungs in 


ol may 


gression 
Walker 


usually free 


disseminated type is a Wits 


shadows and patches ol 


ular and basal of lesions, 


i vertical prbeamne wert equally involved Examples 


the 


«lin both lungs simulat of basal, infraclavicular and = disseminated 


types as seen in our series are shown in Figures 19, 
20, and 21, 


tuberculosis. However, 


paragonimiasis respectively 


iudo-apical progression, ges could be found by repeated examina 
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Pulmonary paragonimiasis associated with Para 


gontmus empvema ot the left side in a 38-vear-old female 


tions of sputum and stool specimens from 2 oi 7 


individuals with the infiltrative type of lesions or 
6 of SI with the nodular-cystic 


from tvpe of 


lesions. A diagnosis of paragonimiasis Was reached 
in these 8 patients on the basis of clinical, labora 
tory, and immunological evidences, firmly sup 
ported by roentgenographic findings 

\ summary of the case histories of two of thes 
indicates the kind of 


laboratory and immunological evidences on which 


eight patients clinical, 
n presumptive diagnosis ot ParagoniMnlastis could 
be made. 
Case 1: An 11-year-old male residing in an en 
demic area for paragonimiasis gave a history of 
having repeated] consumed raw crabs and occa 
sionally raw crayfish. For 5 months he had been 
coughing without expectorating. On admission 
there 
double-sided pleuritis was observed in the roent 


was low grade fever and chest pain. A 
genograms. The pleural exudate Was orange in 
V0% 
leukocytes of which 80% were eosinophiles. The 
white and differential blood counts showed 23,000 
leukocytes per cmm with 63% cosinophiles. No 


color and contained polymorphonucleat 


P. westermani eggs were found in ten concen 
trated sputum and stool samples or in two collec 
fluid. 


fixation and skin tests with P. westermani antigen 


tions of aspirated pleural Complement 


were positive, whereas a skin test with C. sinensis 
tests (Man 
1: 10,000; 
Following the adminis 


antigen was negative. Tuberculin 


toux) were negative at dilutions of 


1:1,000 and 1:100 O. T 
tration of 30.5 grams of chloroquine-diphosphate 
the pleural exudate disappeared, and the blood 
counts reverted to normal. A probable diagnosis 
of paragonimiasis was reached on the basis of 
epidemiologic information, clinical symptoms, 
roentgenologic findings, exclusion of a tuberculous 
infection, positive immune reactions to P. wester 
mani antigen, and the patient’s response to 
chloroquine treatment. 

Case 2: An 11-year-old male residing in an en 
demic area gave a history of having repeatedly 
consumed raw crabs. For 9 months he had a pro 
ductive cough without blood. Four months prior 
to admission to the hospital he had noticed the 
emergence of a painless swelling in the right 


scrotal half. On admission there was no fever. 
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Roentgenologically, a basal bilateral pleural 


exudate, a cloudiness 4 x 5 em in diameter with 
tomographically demonstrable cysts in the lower 
field of the left lung, and an opaque density in the 
right The 


eyst which was located in the connective tissue of 


lower field of the lung were observed 
the right scrotal half consisted of hardened ne 
crotic tissue containing caleium cd posits Kosino 
phil s but no P. westermani eggs were seen micro 
Th 


1: 10,000 


] 


scopically tuberculin tests were negative at 


dilutions of 1:1.000 and 1:100 0. T 


Conversely, the complement fixation and = skin 


tests with P 
reactions. No eggs 


westermant antigen gave strong Pos 


tive could be detected in 21 


examinations of the sputum, feces and urine 


Following the administration of 29.5 grams of 
remarkabl 


infiltrative 


hloroquine-diphosphate there was 


reduction of both the pleuritic and the 


hanges of the I sedimentation 


ood 


from 7/122 uur/2 hour readings 


rate fell 
to 14/32 
30.000 


Th ukocyvte count decreased fron 
per en by r treatment to 1 600 
entage of ¢ 


\fter ex 
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ObDSeCT ed change s 


onda! 


& Walker 
Mu-Har 


Millet 
Chien 
Cieher 
(sraumann ef a 


Own findings 


AND 
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stated that the fibrotic changes in the lung ar 


not limited to the cyst alone, but are also found 


and may 


parallel to the 


in other parts of the lung, 


fibroti 


appeal iis 
numerous white strands, 
abnormalities of 


fibrotic 


markings. Secondary radiologic 


the heart, where extensive changes have 


brought about a pulmonary heart disease, have 
been cd scribed 

The 
or oval spots of calcification Which may be either 
Pathologically they 


calcified stage is characterized by round 


isolated or appear in groups 


represent evsts which have been completelv ab 


sorbed and. re placed by calciheation 


Besides the above-mentioned radiologic stages 


which are seen characteristically ino pulmonar 


paragonimiasis, roentgenologic changes due to 


pleural reactions so frequently present that 
they ma 


differential d 


provide an important clue in the 


wWhosis Oo; pulmonal 


paragonimla 


in a large number of individuals, especial 


when pleural reactions are present on both sides 
\s indicated in Table 12 


the pleura observed by 


radiologic changes i 


were various authors in 


arge percentage of individuals studied. Figure 22 
is shown as an example of changes occurring | 


paragonimiasis. lggs 
in the thicke 
ition of the 
to the fact 


complicated by the simu 


pulmonatl and pleura 
ned pleura 


Attention 


seen histologica 


decorti 


were 
ing 


that thi 


sac alte! 
should be called racdiologi 
picture is Trequenthy 
f paragonimiasis and tubere 
Table 13 
patients 


than 10 vears (Figt 


tancous presence 0 


losis in the same individuals 


encountered evel n older 


Wiis 


svmptoms lasting more 


Since almost of our hospita 


tive pulmonary disease and passed eggs in 


sputum or in the stools, the exclusively fibrotic o1 


ilcified stage was not expected. In fact, most of 


the 132 pulmonar ises in our series (S5.64 


Table 14 


( 
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ind pleural effusion on the right side in a 


igOniMiASsIS Wit 


extrathoracic paragonimiasis varies a or arteriography are necessary. Tomog 


may be used to great advantage to localize 


identify lesions in the brain as well as in the 


whether or not suitable roentgenogram 


taker organs involy 
rs. In the early stages of infection when caleci 


( nye n\ n 1) Ing 


itions have not vet occurred, pneumoenceph 


rOnIMLASIS, & suggesti 


tained trom routine skull fil lciheations 


resent (Figure 24). However, in most case ilography may be indicated as a useful diagnostic 


specialized techniques such as pneumoencephalog tool. This proved to be the case with two patients 


tients and general pop ilation 


Number 


Musgrave, 1907 Philippine Islands Autops 


fercovitz, L937 South Korea Outpatients 


CGiraumann, 1957 South Korea Hospit ilized and outpatients 


Personal observations, 1959 South Koren Hospit ilized and auUTOpSs\ 


Min. of Health Rep of 


16,625 


8,000 


Korea, 1957 South Korea Gen. population 


(jeher, 1957 North Korea (ien. population 
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tion of svinptomis ll vears 


TABLE 14 
Relat onship helween fypes of 


ventgenolodic esi 
and mean duration of symptoms among 


132 cases with pulmonary paragonimi 


Infiltrative 
Nodular-eysti 
Nodular-eystie with 
marked fibrosis 


Not charac terists 


in Whom well circumscribed compression and dis 


location in the ventricular svstem found 
Arteriography was found to be helpful in localiz 
ing P 


The radiologi« 


wert 


westermanz lesions in one other patient 


findings ol renal ParagoniMnlasis 


per se are indistinguishable from those of poly 


pous processes ol the pelvis However 


once 


goth acid-fast bacilli and eggs of P 


AND BUCK 


- 


§. Combination of open pulmonary tuberculosis and paragonimiasis ina 64-vear old male. Dura 


westermant were found 


been detected in the 


eges have urine, the com 
bination of pyelography and ureter catheteriza 
tion is the method of choice for the localization of 
lesions 


Laboratory tests 


The following examinations 
were carried out routinely on all of the 140 hos 
pitalized 
leukocyte 


(Sahli), total 
leukocyte count, 
(Westergren 


hemoglobin 
differential 
sedimentation 


patients 
count, 


blood rate urine 


examination for the 


presence of albumin and 


sugar, urobilinogen and urobilin, MUCTOSCOpLe 


stool and 
sputum examinations, and cardiolipin test for 


examination of the 


urine sediment, 


syphilis. In 57 of the patients the following liver 
tests Takata Ara 


flocculation, 


function were carried out: 


quantitative), cadmium 


thymol 


turbidity, serum bilirubin and serum total pro 


teins. The relative proportion of serum fractions 


was analyzed in 45 patients by paper electro 


phoresis (Spinco). Electrocardiograms (standard 


leads chest leads V to V; as well as AVR, AVF, 
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hig. 24. Pulmonary and cerebral paragonimiasis in an 18-year-old male, with intracerebral calcifiea 
tions found by skull roentgenogram. The patient suffered from epileptiform attacks of the Jacksonian 


V pe 


TABLE 16 
p between number of leukocytes and the 
tion of infection with P. westermani 


WBC 


rmm 


200) 
700 
200 


§ months 
12 months 
med paragonimiasis 
nd pulmonary tubereu 


LOIS 


ind AVL) were run on 27 patients. The results |. Leukocyte counts. A review of the litera 
obtained in these tests were coded and the in ture reveals no agreement among various authors 
formation was transferred to marginal punch s to the characteristic changes in the blood pic 
ards for cross tabulation and statistical analysis ture resulting from an infection with P. weste 
Whenever several samples at different times wer mani. Neither leukocytosis nor leukopenia are 


examined only the initial reading after admission ascribed to paragonimiasis 


was used in the following presentation The results of leukocyte counts In our series 
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Table 15. Although the differ 


number of 


ire summarized in 


ences between the leukocytes in pa 
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tients having symptoms for less than 6 months 
having 
nods are not statistically 
highly suggestive. No 
obser ition to the 


and in thos symptoms for longer pe 
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differences 


significant, 
obvious were 
ed in rel 
Table 16 
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basis of 20 pa 


tients Bercovitz contrast to 


What is obser Infections, 
a result of P 
His reported hgure ol 
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country where the majority of the population har 


bored one or more intestinal parasites In gen 


ral, the eosinophile count among people in under 


veloped countries, where sanitary conditions 
In apparent con 
Faust® 


products of the 


ire pool! Ss relativel high 
trast to Bercoy 
stated that in case the 


ibsorbed by the 


itz’s findings, Craig and 
TON 
body generalized 
\lusgrave 


umulation of eosinophilic cells is a 


Worm become 


eosinophilia may result 


re ported 


that a local ac 


common finding in histologic examination of 


tissues surrounding P. westermani 


The degree of observed eosinophilia in relation 


to the age of patients with paragonimiasis is pre 


sented = graphica n Figure 25 with 


Longe 


comparable data on 67 patients chosen at ran 
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itients had 


dom among those who had no history of 


gonimus infection Both groups of 1) 
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with intestinal parasites suc h iis | hun hricoide 8 
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Fig. 26. Relationship between eosinophilia and 
the duration of symptoms in 140 individuals with 
paragonimiasis 

oungest age group consisted primarily of pa 
tients with a rather short duration of symptoms, 
an analysis was made of the relationship betweet 
the degree of eosinophilia and the duration of 
The differences at 
borderline of statistical significance 

3. Blood Westergren 
Wide variation was observed in the blood sedi 
with P 


The obs¢ rved values ranged from 45 


symptoms (Figure 26 on the 


sedimentation rate 


mentation rate of individuals infected 
westermant 
0 5%: o0. A marked acceleration was observed in 
patients with pleural effusion or empyema and in 
those in whom paragonimiasis was associated with 
These 
ire significant, with a P equal to or less than 0.01 


There 


blood sedimentation rate, age of patients and /o1 


wtive pulmonary tuberculosis differences 


was no correlation between the results of 


duration of sVmptoms 
t. Serum electrophoresis Paper electrophoretic 
studies of the performed on 45 of 


serum were 


the paragonimiasis patients Samples from 16 
healthy adult Americans and Japan se were used 


significant 


as controls results are summarized inh Table 


Res a 


gamma globulin was observed in the paragonimi 


increase in the proportion ol 


asis patients with a consequent reduction in the 
ilbumin and in the other globulin fractions. At 


tention is called to the relatively high values ob 


tained for the standard deviation of the total pro 


tein among the paragonimiasis patients, who 


included individuals with hypo- and with hyper 


proteinemia. Our results are in agreement with 


findings reported in many other chronic infec 


tions.’ 


5. Liver function. No significant changes were 
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TABLE 17 
Effect of infection with P. 


concentration of serum prote ns 


westermani on the 


Paragonimiasis | Normal controls 


. atients (49) (16) 
Mean concentration of patients (4 ! 


components (%) 


Mean 


S: 


Albumin 44.8 
Alpha 1 glob. 5.4 
Alpha 2 glob 

Beta glob. 11.§ 
Gamma glob 27.5 
A/G ratio 

Total protein 


on w 


oo RK ee 
Q oo oO 


observed which could be attributed solely to 
paragonimiasis. 

6. Electrocardiogram. No P-pulmonale was 
observed in this series of patients and no evi- 
dences of cardiac complications were found. 

Differential diagnosis. Our experience in Korea**® 
and that of several investigators in Japan'*: *° in- 
dicate that pulmonary or pleural paragonimiasis 
is frequently misdiagnosed as tuberculosis in 
countries where both diseases are prevalent. This 
occurs primarily during routine roentgenologic 
screening tests for tuberculosis but it also takes 
place in daily clinical practice. Most of the time 
the diagnosis is made in favor of tuberculosis and 
long, expensive treatment is inaugurated. Yoko- 
gawa'® found many patients in tuberculosis sani- 
tariums in Japan with positive Paragonimus 
skin tests. He also found P. westermani cysts, 
worms and eggs instead of the anticipated tuber- 
culous lesions in patients on whom a lobectomy 
had been performed. The social and economic im- 
pact of these mistaken diagnoses is obvious. 

To obtain quantitative data about the presence 
and extent of such mistaken diagnoses, 128 pa- 
tients who had been tentatively diagnosed as 
having tuberculosis and were under treatment 
with anti-tubercular drugs were given an intra- 
dermal test with purified antigens of P. wester- 
mani and C. sinensis. The results were compared 
with those obtained among uninfected controls 
and paragonimiasis patients (Table 18). The 
difference between the tuberculosis patients and 
the uninfected group is regarded as significant 
with a P of 0.02. Of the ten positive reactors in 
the group treated for tuberculosis, five had P. 
westermani eggs in the sputum. Of these, three 
had both diseases, whereas in the other two no 
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evidence of tuberculosis was found. The per- 
centages of positive reactors to Clonorchis anti- 
gen in the tuberculosis and control groups were 
similar. 

Since repeated sputum examinations for acid- 
fast 
later discovered as paragonimiasis patients, an 


bacilli had been conducted on individuals 


attempt was made to find out why eggs of P. 
westermani had not been seen previously in the 
sputum. In order to test the possibility that the 
use of the Ziehl-Neelsen staining method would 
deform or destroy the Paragonimus eggs, sputum 
samples of P. westermani patients with numerous 
eggs were stained by this method and examined 
microscopically. Only debris of eggs deformed be- 
yond recognition were found in a routine labora- 
tory examination. The findings would seldom 
lead an unsuspecting technician to a laboratory 
diagnosis of P. westermani. Therefore, in all cases 
in which both infections may be present, sputa 
should first be examined for the presence of P. 
westermani eggs and later for acid-fast bacilli by 
the Ziehl-Neelsen method. 

Pleurisy with effusion and empyema can be 
caused by infections either with tubercule bacilli 
or P. westermant, and both diseases have exudates 
free of pyogenic organisms if no complications are 
present. However, a cellular differentiation of the 
pleural exudate may be of considerable diag- 
nostic value. The differential cell count of the 
sediment reveals a predominance of lymphocytes 
in tuberculosis, and of granulocytes, frequently 
with a high percentage of eosinophilic cells, in 
paragonimiasis. Furthermore, in all cases the 
whole sediment of the pleural fluid obtained after 
puncture should be carefully examined for the 
presence of P. westermani eggs. 

In our observations the effusion produced by 
both causative agents was the typical inflamma- 
tory exudate with a specific gravity of more than 
1.013. 

Although the tuberculin test can be helpful in 
differential diagnosis, the high prevalence of tu- 
berculosis in Korea does not leave many people 
with a negative tuberculin test after 14 years of 
age. 

The application of intradermal tests with puri- 
fied antigens of P. westermani is regarded as a 
valuable aid in the differential diagnosis of pa- 
tients in whom pulmonary tuberculosis and/or 
paragonimiasis are suspected. The additional use 
of antigens from other flukes prevalent in the 
area is required, since cross reactions with various 
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TABLE 18 
Comparison of resulis in intradermal tests with P. westermani and C. 


patients and controls 


l 
| 
| 


Diagnosis No. of patients 


Pulmonary paragonimiasis 
Pulmonary tuberculosis 
Normal controls 


134 
128 
102 


trematode infections have been observed. In 
Korea, infections with C. sinensis could often 
lead to false interpretations by producing a posi- 
tive intradermal reaction to P. westermani anti- 
gen. However, as stated previously, this handi- 
cap can be obviated by using the two antigens in 
combination 

Besides tuberculosis, other diseases such as 
bronchopneumonia, 
histoplasmosis, sporotrichosis, cysticercosis, eo- 


bronchitis, bronchiectasis, 
sinophilic infiltrates of various etiologies and cir- 
cumscribed pulmonary metastatic processes of 
malignant tumors should be taken into considera- 
tion in the differential diagnosis of pulmonary 
paragonimiasis. 

Extrapulmonary manifestations of paragonimi- 
asis can also give a confusing clinical picture. In 
our series of hospitalized individuals, paragoni- 
miasis was masked by symptoms simulating 
acute appendicitis, mesenteric tuberculosis, peri- 
tonitis, hematuria, epididymitis, chronic skin 
abscesses, sparganosis, and epileptiform attacks 
of various etiology. Cerebral paragonimiasis is 
frequently associated with typical pulmonary le- 
sions, which may be of help in the differential 
diagnosis. However, cysticercosis, toxoplasmosis, 
tumors, tuberculosis, hydatid disease, encephali- 
tis, meningitis, and genuine epilepsy should all be 
considered. 

Prognosis. No long range studies on the life 
expectancy and fate of individuals infected with 
P. westermani are available at present. Although 
it is generally accepted that the prognosis is un- 
favorable in cases of heavy infection®® and when 
worms become lodged in foci,™ it is 
usually considered to be favorable for the ma- 


critical 


jority of infected individuals. However, the pos- 
sibility of superimposed tuberculosis, secondary 
pyogenic infections or various other complica- 
tions may considerably worsen the prognosis. 


sinensis antigens in tuberculosis 


Results of intradermal! tests 


No. confirmed 


. weslermani pos by finding eggs 


The prognosis appears to be particularly poor in 
children.'® ® In the laboratory it has been fre- 
quently observed that significantly smaller doses 
of metacercariae are required to kill young cats 
and dogs than are needed to kill older animals. 

Lack of prospective studies prevents us from 
determining whether in chronic infections of 
many years’ duration the underlying cause of 
death is paragonimiasis itself. However, our data 
provide some indirect evidence which is rather 
suggestive. The age specific prevalence for all 
kinds of extrapulmonary lesions showed a peak 
for the age group of 25 to 35. The decline of posi- 
tive dermal reactors beyond this age may be due 
to the reversion of positive reactions to normal 
after spontaneous cures or treatment, to a re- 
duced life span of individuals with symptomatic 
paragonimiasis, or to other reasons associated 
with physiologic changes of old age. 

Discussion on the clinical studies. The clinical 
information obtained from nearly 500 indi- 
viduals with proved infections with P. westermani 
has brought to light several significant facts. A 
high percentage of individuals with paragoni- 
miasis, especially young people in whom the diag- 
nosis was very difficult to establish, was un- 
covered. In many persons in the early stages of 
disease no eggs were present in the sputum, even 
though severe symptoms had occurred. Con- 
versely, in other individuals with recent infec- 
tions, eggs were readily found but no symptoms 
which could be attributed to paragonimiasis were 
reported. Had they not been discovered in the 
course of routine intradermal testing, these in- 
dividuals would have been missed entirely. Hemop- 
tysis in the early stages of the disease is un- 
common. Therefore, it is in the early phases of 
the disease that laboratory procedures besides 
sputum examination are needed to detect para- 
gonimiasis. Most important among these pro- 
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cedures are serologic and intradermal tests with 
purified Paragonimus antigen and tuberculin, 
leukocyte counts for the presence of leukocytosis, 
and differential counts for the presence of eosino- 
philia. At this early stage, roentgenograms are of 
limited value since the infiltrative stage produces 
roentgenographic lesions similar to those which 
may be found in a variety of other diseases. 

In the later stages eggs are more likely to be 
present in the sputum, but even then, unless 
many consecutive sputum examinations are 
carried out, the diagnosis may be missed. In 
these individuals, chest films are helpful in that 
they usually reveal the characteristic nodular 
cystic picture which eventually is combined with 
signs of fibrosis. Even among individuals who 
usually excrete large numbers of eggs, there may 
be periods when they have unproductive cough 
and when few if any eggs are excreted in the 
sputum. Unless these patients are observed over 
a period of several weeks, eggs may never be dis- 
covered. This circumstance has particularly sig- 
nificant bearing on the problems of accurate 
diagnosis of the disease and proper evaluation of 
therapy. 

The number of individuals with extrapulmo- 
nary paragonimiasis was surprisingly large and 
reached a peak in the age group 25 to 34. This 
is the same age group which had the highest prev- 
alence of paragonimiasis as determined by 
dermal sensitivity, suggesting that at this period 
of life there is an increased prevalence and in- 
tensity of infection. Naturally, if more parasites 
are present in a given individual, the chances of 
some of them invading organs other than the 
lungs are automatically increased. 

The decrease in extrapulmonary cases, among 
individuals over 35 years of age, was much more 
marked than the decrease observed in the general 
prevalence of the infection. This suggests that the 
life span of individuals suffering from acute or 
sub-acute extrapulmonary paragonimiasis prob- 
ably is reduced. It seems possible that life ex- 
pectancy is shortened by chronic pulmonary 
paragonimiasis also, although it would often be 
unrecognized as an underlying cause of death. 

Our data and those reported by other investiga- 
tors indicate that a relatively high percentage of 
individuals have both paragonimiasis and pulmo- 
nary tuberculosis. This could be due to one or 
more of the following factors: 1) an inadequate 
randomization of the samples, 2) an under- 
estimation of the true prevalence of active tu- 
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berculosis in the general population, 3) greater 
risk of members of special groups becoming in- 
fected with both diseases, 4) a genuine causal 
relationship between the two organisms, each 
interfering with local and systemic host resistance. 

It is undoubtedly true that roentgenographic 
technics are of value in detecting many cases of 
paragonimiasis. However, the unequivocal diag- 
nosis of paragonimiasis cannot be made from 
radiologic findings alone. At best, a diagnosis 
based on such findings is presumptive. Naturally, 
the more skilled and experienced a radiologist is, 


the better his results, but even so, as has been 
clearly indicated by Birkelo et al.,73 in an evalu- 
ation of the radiologic diagnosis of tuberculosis, 


there are large inter-individual and intra-indi- 
vidual variations of interpretation which must be 
taken into account. The problem is even greater 
and the bias even less avoidable when dealing 
with patients living in areas endemic for tuber- 
culosis and paragonimiasis because of the simi- 
larity in the radiologic findings. This may account 
for the disparity in reports of various investiga- 
tors, whose results were obtained by the use of 
roentgenograms (Table 12). 

Although the total morbidity and total mor- 
tality of paragonimiasis still remain undetermined 
after this study, the impression is gained that 
they are indeed considerable. 

Prospective studies are needed to determine 
whether chronic paragonimiasis has a favorable 
prognosis and is compatible with a normal life 
span, or is an ailment which markedly reduces the 
life expectancy of the infected population in 
endemic areas. Such studies are all the more 
necessary in view of the fact that recent large 
scale surveys*® “: ™ have shown that the preva- 
lence of paragonimiasis is higher than was pre- 
viously believed. According to the estimates of 
Walton and Chyu™ 1.5 million persons are 
currently infected with this fluke in South Korea 
alone. These findings place paragonimiasis on a 
level with other very important medical and 
public health problems in Asia. 


Therapeutic Studies 


Since a specific therapeutic agent for para- 
gonimiasis is not yet available, considerable dif- 
ference of opinion exists as to the preferred treat- 
ment for this disease. Whenever possible, surgical 
removal of localized cysts and removal of patients 
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from endemic areas to avoid re-infection is sug- 
gested. 

Several preparations have been tried in the 
attempt to find an effective chemotherapeutic 
agent against human infections with P. wester- 
mani,® but the results obtained have been un- 
al.* 


emetine hydrochloride in combination with the 


satisfactory. Yokogawa et recommended 
sulfonamide prontosil. They reported cures in 
four of nine patients treated. Weinstein et al." 
Nilodin without 


Brown and Hussey’?® employed Anthiomaline® 


used any apparent 


success. 
Neostibosan®, thioglycollate of arsenebenzamide 
and methyl-violet in the treatment of experi- 
mentally infected dogs, but were unable to kill 
the parasites with these drugs. Chung et al.” * 
reported favorable results with the administration 
of as much as 80 to 120 grams of chloroquine per 
person. Their results were confirmed by Granz’® 
who successfully treated a paragonimiasis patient 
by the administration of chloroquine intramus- 
cularly and by inhalation. However Kitamoto 
et al.” found that chloroquine alone applied orally 
or by bronchial instillation through a catheter, 
or even chloroquine in combination with emetine, 
was less effective than the previously accepted 
treatment with emetine and prontosil in combina- 
tion. 

These equivocal results obtained from small 
different 
gested the need for a study on the efficacy of 


series of cases by investigators sug- 
chloroquine in the treatment of various forms of 
human paragonimiasis. Chloroquine diphosphate 
was used in tablets of 250 mg and as a 5% solu- 
tion in vials containing 5 ml, equivalent to 250 
mg of the drug. In order to reach as high a con- 
centration of the drug as possible at the site of 
the lesions, various methods of application were 
combined and the drug was given orally, intra- 
muscularly, by inhalation, and by intrapleural 
instillation after aspiration of the fluid. 

Patients available for study included 116 in- 
dividuals of various ages, with different forms of 
paragonimiasis, and with durations of symptoms 
ranging from 1 month to 10 years. The entire 
series was divided into three groups. The first 
group comprised 69 patients with the pulmonary 
form of the disease. In this group there were 46 
males and 23 females. Of the total, 14 
children (under 15 years of age). These patients 


were 


were hospitalized and carefully observed at 


regular intervals. 
hospitalized patients with extrapulmonary or 


A second group included 24 
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generalized paragonimiasis. In this group there 
were 16 males and 8 females. Of the total, 7 were 
children. A third group included 23 ambulatory 
patients with pulmonary paragonimiasis, who 
had to be treated in their villages at some distance 
from the hospital. Although the opportunity of 
regular examinations of these patients was 
limited, they were re-examined 4 months after 
treatment was started, when they had each re- 
ceived 43 grams of the drug. In this group were 
18 males and 5 females. Of the total, 12 were 
children. Patients who were also suffering from 
diseases involving the liver, kidney or heart were 
excluded Individuals with 
marked hypertension, even without indication of 


from treatment. 
renal etiology, also were excluded. 

All the patients in Group I received treatment 
according to a uniform schedule. Regardless of 
their age, they received 250 mg of chloroquine- 
diphosphate intramuscularly and 250 mg of the 
same drug by inhalation each day for the first 
20 days. After the 10th day of this combined 
treatment, the patients 15 years of age or older 
received an additional 250 mg tablet daily. After 
the 20th day the medication was continued by 
administering the drug orally in daily doses of 750 
mg for the adults and 500 mg for the children. 
The dosage and application of the drug in extra- 
pulmonary cases varied according to the site of 
the lesions, and the choice was guided by the 
probability of bringing the drug in high con- 
centration directly to the parasite. Local instilla- 
tion of the drug was carried out in those indi- 


viduals suffering with pleural effusion, empyema, 
or cystic skin tumors. 
Only a few symptoms of drug intolerance were 


observed. These consisted primarily of mild dis- 
turbances, such as nausea, occasional dizziness, 
headache, and loss of appetite, which disappeared 
after the daily doses were reduced. Occasionally, 
discontinuation of medication for a few days was 
necessary and was sufficient to bring about the 
thereafter 
treatment was resumed. Only patients with cere- 
bral had to be taken off medication 
altogether. In four of the eight patients with 
cerebral paragonimiasis, epileptiform attacks oc- 


disappearance of toxic symptoms; 


lesions 


curred much more frequently and symptoms in- 
creased in severity during the time chloroquine 
was given. 

Half of the patients given a total dosage of 30 
to 80 grams of chloroquine became negative. 
However, eggs often reappeared in the sputum. 
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TABLE 19 


Relationship between disappearance of eggs and roentgenographic evidence of regression of lesions after 
treatment with chloroquine 


Response to therapy 


Eggs in sputum and stool 


No. with 
regression 
of lesions 


% with 


No. of patients | i 
f patient regression 


Sputum and stool negative in 3 consecutive examinations 


Sputum and stool negative for 3 months 
Sputum and stool negative for 6 months 


All cases receiving more than 35 g chloroquine-diphosphate 


§ Eggs absent for 3 months 
0 Eggs present within 3 months 


(13) (22) 


| 


Per Cent 























<2 2-5 
Duration of Symptoms in Years 
Fic. 27. Relationship between the duration of 
symptoms and the effect of treatment with chlo- 
roquine. 


Eggs could not be recovered for at least 3 months 
in 20% of 43 cases receiving a total of more than 
35 grams of chloroquine. Twelve per cent of 41 
patients who received more than 40 grams of 
chloroquine remained negative for at least 6 
months. No difference in therapeutic success 
could be found between those treated with more 
than 100 grams of chloroquine and those who re- 
ceived only 40 to 100 grams. 

In addition to the search for eggs in sputum 


and stools, chest radiograms were taken repeat- 
edly during the course of treatment to observe 
possible changes in the pulmonary lesions. The 


results are summarized in Table 19. Marked 
changes were observed in the roentgenograms of 
those individuals who had not passed eggs in their 
sputum and stools for at least 6 months. Con- 
versely, only minor improvement or no improve- 
ment at all was observed in patients who 
continued excreting eggs in spite of the admin- 
istration of chloroquine. 


Figure 27 graphically shows the relationship 
between the response to treatment and the prior 
duration of symptoms in 43 pulmonary cases. 
The patients with shorter periods of symptoms 
of pulmonary paragonimiasis tended to respond 
more favorably to treatment than those having 
symptoms for more than 5 years. However, statis- 
tical analysis of the data by the Chi square test 
shows that the observed differences in this rela- 
tively small number of cases are not statistically 
significant. 

Among the 23 patients of Group III who re- 
ceived 43 grams of the drug orally, 13 became 
free of eggs in sputum and stools, and the chest 
radiograms of 5 showed a regression of lesions. 
As indicated above, it was not possible to follow 
these cases to ascertain how long the eggs re- 
mained absent from the sputum and feces. 

The results of chloroquine treatment of pa- 
tients with extrapulmonary paragonimiasis are 
summarized in Tables 20 and 21. In view of the 
different requirements for dosage and applica- 
tion of the drug, each case is listed individually 
with information about the manifestation of the 
disease, the administration of the drug, and the 
therapeutic effects observed. The best results 
were obtained in those individuals with pleural 
involvement. However, before interpreting these 
results too optimistically, it is necessary to point 
out that frequently the repeated aspiration of the 
fluid is itself sufficient therapeutic intervention. 
Nevertheless, at least in cases 7 and 10, where 
only a small quantity of pleural fluid was with- 
drawn for diagnostic purposes, the improvement 
may be ascribed to chloroquine treatment. In 
both of these cases the exudate disappeared. In 
addition, the high blood sedimentation rate, 
leukocytosis, and high eosinophilia which were 
present before treatment returned to normal. 
Detailed descriptions of these and other cases 
have been published previously.** 
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TABLE 20 


Results of treatment with chloroquine-diphosphate in extrapulmonary but intrathoracic paragonimiasis 


j 
Dose of | 


Case | chloro- | 


Age | Sex 
no. 8 


| + . . . 
| Form of paragonimiasis 
| 


quine in | 


| 
| 
| 
| 
| 
Bp 
| 48 | M | Empyema 49. Oral 
| 34 | F | Pulmonary with 73. 
empyema 
| . 7 
| 26 | | Empyema 15. 
Empyema 
| Empyema Oral 
Empyema 


Empyema 
Pulmonary with 
empyema 


Pulmonary with 
empyema 
M | Pleurisy with bi- 
lateral effusion 





| Type of application* 


| Oral, inhal., i.m., 
instil. 
| Oral, instil. 


Oral, i.m., 


| Oral, instil. 


| Oral, i.m., instil. 


| Oral, i.m., instil. 


| Oral, i.m., inhal., | Eggs neg. for 3 months, 
instil. 
| Oral, i.m., instil. 


Duration of 
hospitalization 
in days 


| 
| Effect of therapy 
| 


No effect Outpatient 
No effect on sputum 48 
and empyema 
Cured after decortica- 
tion 
Cured 
Cured after decortica- 
tion 
| Cured after decortica- 
tion 
| Cured 
Temporary disappear- 
ance of eggs, em- 
pyema unchanged 


instil. 


| empyema disappeared 
| Cured 





intramuscularly; inhal. = inhalation; instil. = instillation after aspiration of pleural fluid. 


In order to gain some insight as to the per- 
sistence of dermal sensitivity to P. westermani 
antigen, those patients who appeared to be cured 
as a result of treatment were again given intra- 
dermal tests. The results of these tests were com- 
pared with those obtained earlier (Table 22). 
In four patients who did not respond to therapy, 
no significant decrease was observed in the size 
of the wheal resulting from introduction of P. 
westermani antigen, whereas of the seven patients 
who responded to treatment and/or surgical re- 
moval of the worms, five gave considerably 
smaller intradermal reactions than before, and 
one became negative. Since all the patients had 
received high doses of chloroquine and the re- 
duction in dermal sensitivity was observed only 
in the groups which responded to therapy, it is 
unlikely that a non-specific depression of intra- 
dermal sensitivity was brought about by the drug 
itself, and was unrelated to drug action against 
the parasite. The indication of a reduction in 
dermal sensitivity following therapy is of obvious 
epidemiologic importance. 

Discussion on therapy. Of the various chemo- 
therapeutic agents used in the therapy of para- 


gonimiasis, the only ones which have given some 
moderate degree of success are 1) emetine in 
combination with prontosil and 2) chloroquine. 

A critical evaluation of the results obtained 
with chloroquine in the treatment of para- 
gonimiasis indicates that therapy with this drug 
is more effective in the early stages of the disease. 
But even after receiving high doses of chloro- 
quine, only 12.5% of our cases were apparently 
cured. ’ 

In view of the uncertainty of results obtained 
by chemotherapy and the lengthy and expensive 
period of treatment required, surgery should be 
considered as an alternate means of therapy and, 
in some cases, as the best available. This is not 
only true in cases of brain lesions, in acute ab- 
dermal and 
genito-urinary forms, but also in many cases of 


dominal paragonimiasis, and in 
chronic pulmonary paragonimiasis, because of 
recent developments in the techniques of thoracic 
surgery. The removal of the nodular-cystic lesions 
by lobectomy and by resection of lung segments 
has proved to be very effective. In addition, 
pleural decortication is indicated for certain 
forms of chronic thoracic paragonimiasis, par- 
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TABLE 21 
Results of treatment with chloroquine-diphosphate in extrapulmonary, 
extrathoracic paragonimiasis 


Dose of 
chloro- 

quine in 
grams 


Duration of 
hospitalization 
in days 


Type of paragonimiasis Type of application* Effect of therapy 


140.3 


Oral, i.m., No effect 
inhal 
Oral, i.m 

hal 
Oral, i.m. in- 


hal 


Oral, 


Pulmonary’ with 
cerebral 
Pulmonary 
cerebral 
Pulmonary 

cerebral 

Pulmonary 
cerebral 

Pulmonary 
cerebral 


81 


with 123.0 , in- | No effect 


with 80.0 No effect 


with 0 inhal Epileptiform attacks in- | Outpatient 
creased (discontinued) 

Epileptiform attacks in- 
creased (discontinued) 

Epileptiform attacks in- 
creased, sputum nega- 
tive 

No effect 


with Oral, i.m., i 
hal 
Oral, 


hal. 


Outpatient 


Pulmonary with i.m., | Outpatient 


cerebral 
Oral, i.m., 

hal. 
Oral 


Pulmonary with 47 days 
cerebral 

Cerebral Epileptiform attacks in- 
creased (discontinued) 

Renal: cured 

Pulmonary: relapse after 
2.5 months 


No effect 


| Outpatient 


Oral, 
hal 


Pulmonary with 5.25 i.m., i 


renal 176 days 
Oral, i.m., i 
hal. 


Pulmonary, mesen- 
teric and intesti- 
nal 
Genito-urinal with | 28.0 
empyema 
Pulmonary with 
genito-urinal 
Subcutaneous with 


49 


Oral, i.m., i No effect 
stil. 
Oral, i.m., i 


hal. 
Oral, instil 


25 Cured 

Cured after decortication 
empyema 

Pulmonary, mesen- 
teric 


11|M Oral, i.m., in- | No effect 


hal. 


*i.m. = 
fluid. 


intramuscularly; inhal. by inhalation; instil. instillation after aspiration of pleural 


ticularly those in which chronic empyema with antigen was usually considerably larger than that 
resulting from the heterologous antigen. Among 
patients with proved double infections, the 
dermal reaction to the Paragonimus antigen was 
greater. 


pleural fibrosis prevents re-expansion of the col- 
lapsed lung. 


SUMMARY 


Intradermal tests with an acid soluble protein 
fraction of Paragonimus westermani adults were 
performed on over 3,000 people. All those with 
proved infections gave positive dermal reactions. 
In most cases, it was possible to differentiate be- 
tween paragonimiasis and clonorchiasis since the 
area of the wheal resulting from the homologous 


Information on the epidemiology of para- 
gonimiasis came chiefly from surveys conducted 
in two provinces. The prevalence rates for dif- 
ferent localities were related to the presence and 
availability of infected crabs and crayfish. In all 
age groups and all localities more males than 
females were found to be infected. An increase in 
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TABLE 


westermani antigen before and after chloroquine therapy 


Dermal responses to P. 


Form of 
paragonimiasis 


Pulmonary Eggs negative 
mo 

Pulmonary Eggs negative 
mo. 

Pulmonary Eggs negative 
mo. 

Pulmonary Eggs negative 
mo. 


Renal: 
for 2 


Pulmonary and egg 


renal 


Results of therapy 


AND BUCK 


, 99 


Area developing | Area developing 
to purified to buffer 
antigen of solution 
westermani (control) 
in mm? in mm? 


D 
I Time interval between 
tests in months 


After 


Before 
R Rx 


After | Before 
Rx Rx 


for 10 104 
for 


for 


for 


negative 
mo.; pulmo- 


nary: egg negative 


for 2.5 mo. 


Subcutaneous Cured 


and empyema 
Average of improved 
M | Pulmonary 
cured after 
tomy 
Relapse; under 
ment 


M | Pulmonary 
Pulmonary 
Pulmonary 
Pulmonary and 
cerebral 


No apparent eff 


F 
F 
M 


Average of unimproved 


prevalence of infection up to adulthood 
afterwards 


and a de- 
crease were observed. In approxi- 
mately 40 per cent of the positive dermal re- 
actors, eggs could be recovered by a single sputum 
examination. A possible correlation between the 
intensity of infection and the mean area of the 
wheals was observed. 

The highest percentage of asymptomatic in- 
dividuals was in the younger groups. The 
duration of symptomatic 


patients varied from 15 days to 20 years, the 


age 


complaints among 
mean duration of symptoms increasing with age. 
The character and severity of symptoms de- 
pended largely upon the type of infection, i.e., 
pulmonary, generalized, pleural, renal, testicular, 


abdominal, or dermal. Radiography and tomogra- 
: £ 


Relapse after 4.5 mo.; 


10 

(1.5 mo. after 
surgery) 
6 


lobee 


treat- 


No apparent effect 


ect 


Therapy discontinued 
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phy often revealed the location and character of 
lesions produced by worms in the brain and lungs, 
and may prove especially useful in differential 
diagnosis. 

Leukocytosis and eosinophilia were present 
only in the early stages of infection. Serum elec- 
trophoresis indicated a significant increase in the 
proportion of gamma globulin. Numerous exam- 
inations were often required for the detection 
of eggs. In 8 per cent of the patients with extra- 
pulmonary paragonimiasis, eggs were found by 
examination of specimens other than sputum. 

Reactions to intradermal tests with Para- 
gonimus antigen were more frequent among indi- 
viduals receiving treatment for active tuberculo- 
sis than among those of the general population. 
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Staining of sputa for the detection of acid-fast 
bacilli distorted P. westermani eggs, frequently 
beyond recognition. 

The specific rate for all kinds of extrapulmo- 
nary lesions and the frequency of dermal reactors 
both showed a peak in the age group 25 to 35 
years. This was taken as an indication that in 
this age group both the highest prevalence and 
intensity of infection are to be found. 

Chloroquine was given by various routes to 
116 patients with pulmonary and extrapulmon- 
ary paragonimiasis, and resulted in negative spu- 
tum and stool examinations for at least 6 months 
in only 12.5 per cent of the cases. The percentage 
of apparent cures among patients with a history 
of disease for less than 2 years was almost 3 
times as great as that of those with symptoms of 
5 years’ duration or longer. Decreased dermal 
sensitivity to P. westermani antigen was observed 
in patients who had responded to treatment. 
Experience has shown that surgery often may be 
beneficial, and in some cases is the only avail- 
able means of therapy. 


ACKNOWLEDGMENTS 


The studies reported in this paper are the 
product of the sustained efforts of the whole 
staff of the Department of Medical Zoology, 
406th Medical General Laboratory, and of the 
German Red Cross Hospital, Pusan, Korea. Their 
activities were so integrated that it is difficult to 
acknowledge specifically the contributions of 
each person. We are grateful to the Surgeon 
General of the German Red Cross, Bonn, and to 
the Republic of Korea Navy for financial as- 
sistance and for providing the transportation for 
the survey on Cheju Island, respectively. We are 
indebted to the Pathology Section of the 406th 
Medical General Laboratory for making avail- 
able to us the information obtained from three 
autopsies, to Dr. S. 8. Lin of the 406th Medical 
General Laboratory, and to the Pathology De- 
partment, 12lst Evacuation Hospital, South 
Korea, for histopathologic examination of surgi- 
cal specimens. Thanks are due to the Medical 
Illustration Service of the Armed Forces Institute 
of Pathology for logetronic reproduction of 
several roentgenograms, and to the Audio-Visual 
Department, Walter Reed Army Institute of 
Research, for preparing the charts and figures 
appearing in this report. We wish to express our 
appreciation to the Johns Hopkins University, 


597 


School of Hygiene and Public Health, Depart- 
ment of Biostatistics, for providing us with punch 
cards and allowing us to use their IBM machine. 
We also wish to acknowledge the contributions 
made by the World Health Organization in grant- 
ing to one of the authors an extension of his post- 
doctoral fellowship to permit completion of this 
report, and by the Division of Communicable 
Disease, Walter Reed Army Institute of Re- 
search, in making space and facilities available 
for the preparation of the manuscript. Thanks are 
also due to the following for reading the manu- 
script and for their helpful suggestions and en- 
couragement: Drs. E. Stebbins, P. Sartwell, L. 
Rozeboom, School of Hygiene and Public Health, 
Johns Hopkins University; Drs. G. Edsall, R. 
Gauld, F. Miller, D. McMullen, Walter Reed 
Army Medical Center. Finally much of the suc- 
cess of this project is to be attributed to the 
thousands of persons who patiently provided most 
of the data on which the present work is based 
and to the officials of the Ministry of Health, 
Republic of Korea, who volunteered useful in- 
formation and who extended all possible courte- 
sies to the authors and their associates during the 
course of this work. 


REFERENCES 
. Manson, P., 1881. Distoma ringeri. M. Times 
& Gaz., London, 2: 8-9. 

2. Orant, 8., 1887. Distoma cysts and eggs in the 
brain which were previously described in the 
liver, intestinal wall, peritoneum and 
lymphnodes. (In Japanese) J. M. A. Tokyo, 
1: 8-9 


3. Braun, M. G. C. C., 1899. Weitere Mitteilun- 
gen ueber endoparasitische Trematoden der 
Chelonier. Zentralbl. Bakt., 26: 627-632. 


. STILEs, C., aNp Hassauu, A., 1900. The 
lung fluke (Paragonimus westermani) in 
swine and its relationship to parasitic 
haemoptysis in man. Rep. (Ann.) Bureau 
Animal Indust., 16: 460-511. 

. NakaGawa, K., 1915. Demonstration der 
Zwischenwirte und der Larven von Distoma 
pulmonum. Proc. Jap. Soc. Path., 4-6 Apr.: 
118. 

}. NakaGawa, K., 1916. The mode of infection 
in pulmonary distomiasis. Certain fresh- 
water crabs as intermediate hosts of Parago- 
nimus westermant. J. Inject. Dis., 18: 131- 
142. 

‘oKoGawa, S8., 1915. On the migratory course 
of the human lung fluke in the final host. 
(In Japanese) Taiwan Igakkwai Zasshi, 152- 
153: 685-700, 728-736. 

8. AMeeL, D. J., 1934. Paragonimus, its life 
history and distribution in North America 
and its taxonomy (Trematoda: Troglo- 
trematidae). Am. J. Hyg., 19: 279-317. 

. Kosayasnt, H., 1918. Studies on the lung 
fluke in Korea. I. On the life history and 





SADUN 


morphology of the lung fluke. Mil. Med. 
Hochs Keijo, 2: 95-113. 

. Kopayasui, H., 1919. Studies on the lung 
fluke in' Korea. II. Structure of the adult 
worm. Mil. Med. Hochs Keijo, 3: 16-36. 

. Kopayasui, H., 1921. Studies on the lung 
fluke in Korea. III. Development in the first 
intermediate host and prophylactic meas- 
ures against fluke disease. Mil. Med. Hochs 
Keijo, 4: 5-16. 

. Kopayasui, H., 1926. On the final and the 
intermediate ~oge of lung fluke in Chosen 
Far East. Assoc. Trop. Med. Tr. VI Bien. 
Cong., Tokyo, 1: 413-417. 

. Bercovirtz, Z., 1937. Clinical studies on human 
lung fluke disease (endemic hemoptysis) 
caused by Paragonimus westermani infesta- 
tion. Am. J. Trop. Med., 17: 101-122. 

. WernsTEIN, P. P., Duman, L. J., TRELAWNY, 
G. S., anp Patrerson, J. C., 1953. Para- 
gonimiasis: Failure of Nilodin in therapy 
and report of one case with urinary tract 
involvement. Am. J. Trop. Med. & Hyg., 2: 
517-523. 

. Miter, F. L., ann WaLKEr, R., 1955. The 
roentgen characteristics of pulmonary 
paragonimiasis. Radiology, 65: 231-2: 

}. GRAUMANN, T., GRAUMANN, H. W., aNpb SHIN, 
S. W., 1957. Pulmonary and extra-pulmo- 
nary paragonimiasis in 311 cases studied in 
Korea. J. Korean Nat. Tuberc. Assoc., 4: 117. 
. Yoxoaawa, M., Osuima, T., AND Sucuro, T., 
1955. Intradermal test for paragonimiasis. 
(II). (In Japanese, English summary) Jap. 
J. Parasitol., 4: 282-289. 


8. Yoxocawa, M., 1958. Paragonimiasis. (In 


Japanese) Naika Ryoike, 6 (suppl.) : 239-246. 


9. Yoxocawa, M., 1956. A rapid flocculation test 


for the diagnosis of paragonimiasis. (In 
Japanese, English summary) Bull. Inst. Pub. 
Health Tokyo, 5: 7-10. 

. Yoxocgawa, M., Osuima, T., Suaawa, Y., 
Hirano, T., aNnp NakaGawa, A., 1955. The 
reactions of skin-test for paragonimiasis—on 
practical value of screening tests. (In 
Japanese) Jap. M. J., no. 1634: 19-2: 

. Yoxooawa, M., Osurma, T., aNp Sucuro, T., 
1955. Intradermal test for paragonimiasis. 
(I). (In Japanese, English summary) Jap. 
J. Parasitol., 4: 276-281. 

. Yoxocawa, M., Yosuimura, H., Osurma, T., 
AND Kinata, M., 1957. Immunological study 
on paragonimiasis. III. Passive transfer 
(P-K) experiments in human skins. (In 
Japanese, English summary) Jap. J. Para- 
sitol., 6: 449-457. 


23. YoxoGaawa, M., aNp Osuima, T., 1958. Intra- 


dermal test for paragonimiasis. AV. Analysis 
of the antigenicity of the V. B. S. antigen 
with dialysis and Sccomaniiieumiten (In 
Japanese, English summary) Jap. J. Parasi- 
tol., 7: 131-134. 

Yoxoaawa, M., aNnp Osuima, T., 1958. Intra- 
dermal test for paragonimiasis. V. Analysis 
of the antigenicity of the V.B.S. antigen 
(veronal buffered saline extract of adults of 
P. westermani) with phenol method. (In 
Japanese, English summary) Jap. J. Parast- 
tol., 7: 333 307. 


25. Nisurmotro, M., aNp SaKamorTo, Y., 1957. On 


the investigation of paragonimiasis in 
Takaoka-cho, Kochi Prefecture. (In Japa- 
nese) Shikoku Acta med., 10: 11-15. 


. Cuuna, H. L., anp Hon, T. 


. Wana, J. H., aNp Hsien, 


AND BUCK 


. Yosuipa, Y., NAKANisHI, Y., Matsuo, K., 


Oxano, K., Miyamoto, M., Murat, T., AND 
Masupa, R., 1958. Studies on the distribu- 
tion of lungflukes in middle Japan. Results 
from 1953 to 1957. (In Japanese, English 
summary) Jap. J. Parasitol., 7: 461-465. 


. Suzuki, Z., 1958. Epidemiological studies on 


paragonimiasis in South Izu District, 
Shizuoka Prefecture, Japan. (In Japanese, 
English summary) Jap. J. Parasitol., 7: 
560-572. 


. Ito, M., 1959. Studies on Paragonimus wester- 


mani along the Oita River. I. Investig: ation 
about the distribution of paragonimiasis 
along the Oita River. (In Japanese) J. 
Kurume M. A., 22: 3191-2131 ‘ 


. Iro, M., 1959. Studies on Paragonimus wester- 


mani along the Oita River. II. Precipitation 
reaction of paragonimiasis. (In Japanese) 
J. Kurume M. A., 22: 2371-2379. 


. Ivo, M., 1959. Studies on Paragonimus wester- 


mani along the Oita River. III. Roentgeno- 
logical study on paragonimiasis. (In Japa- 
nese) J. Kurume M. A., 22: 2380-2392. 


. Ivo, M., 1959. Studies on Paragonimus wester- 


mani along the Oita River. IV. Investigation 
about eating fresh water crabs and subjec- 
tive symptoms. (In Japanese) J. Kurume M. 
A., 2%: 2393-2401. 


; Temeaara, S., Ro, M., Waxkrsaka, K., anpb 


Jo, K., 1940. Studies on the treatment of 
saab asis. Part II. On the efficacy of 
prontosil in combination with emetine 
against lung fluke disease and changes in 
the eggs of lung flukes aga the treatment. 
Acta japon. med. trop., 2: ‘ 


. Hsves-Hs1, L., anp C HIA- aor, Y., 1957. 


Pathologic changes of paragonimiasis. A 
report of five cases. Chinese M. J., 76: 986- 
1003. 


. Cuuna, Hvuer-Lan, Hou, TsunG-Cu’ana, ano 


Li T’renN Hvuana, 1956. Recent advance in 
ny are of paragonimiasis. Chinese M. J.., 
74: 1-15. 


oe bene S. P., Cuena, C. 8., anp GuEn, K. M., 


1955. X-ray findings in pulmonary paragoni- 
miasis. Dis. Chest, 27: 88. 


. Coren, M. H., 1955. Roentgenological rm? 


nosis of paragonimis isis. Chinese M. 
37-46. 


. Cuuna, H. L., Curen, C. H., anp Hon, T. C. 


1954. Preliminary observations on effic: wey 
of chloroquine in treatment of paragonimia- 
sis; a report of three cases. Chinese M. 

72: 1-14. 

C., 1954. Chemo- 
therapy of paragonimiasis; further observa- 
tions on the efficacy of chloroquine. Chinese 
M. J., 72: 407-427. 

C. K., 1937. Roent- 
genologic study of paragonimiasis of lungs. 
Chinese M. J., 62: 829-842 


. Huane, Wen-Hsien, ano Cuiv, JUI-KUANG, 


1958. The incidence of Paragonimus meta- 
cercaria infection in Ericheir japonicum 
being marketed in Taipei, Taiwan. J. Formo- 
san M. A., 67: 158-168. 


. Sapun, E. H., Buck, A. A., aNnp Watton, B. 


C., 1959. The use of purified antigens in the 
diagnosis of paragonimiasis westermani by 
means of intradermal and complement fixa- 
tion tests. Mil. Med., 124: 187-195. 


. Sapun, E. H., Watton, B. C., Buck, A. A.; 





3. Gener, F., 1957. Ueber 


PARAGONIMIASIS IN KOREA 599 


AND Leg, B. K., 1959. The use of purified 
antigens in the ’ diagnosis of clonorchiasis 
sinensis by means of; intradermal and 
complement fixation tests. J. Parasitol., 45: 
129-134. 


3. Sapun, E. H., 1957. Recent advances in the 


diagnosis of the most prevalent human 
trematode infections in Asia. (Abstract) 1X 
Pacific Sc. Cong., Thailand: 207-208. 

. Sapun, E. H., 1958. The public health signifi- 
cance of paragonimiasis in the Far Kast. 
(Abstract) VI Internat. Cong. Trop. Med. & 
Malaria, Lisbon: 53-54. 

. Buck, A. A., Sapun, E. H., Liesxe, H., anp 
Leg, B. K., 1958. ‘Zur C hloroquinethe nae 
der Paragonimiasis westermani. Ztschr. 
Tropenmed. u. Parasitol., 9: 310-327. 


3}. Buck, A. A., Sapun, E. H., Ligsxe, H., anp 


HaaGE, H., 1958. Zur Differentialdiagnose 
von Lungentuberkulose und Paragonimiasis 
westermani durch die Einbeziehung immun- 
diagnostischer Methoden. Zischr. Tropen- 
med. u. Parasitol., 9: rer 334. 

Sapun, E. H., Buck, A. Lez, B. K., Moon, 
C. H., AND Bu RKE, ri ¢., 1959. Epidemio- 
logic studies for paragonimiasis ‘aa clonor- 
chiasis by the use of intradermal tests. Am. 
J. Hyg., 69: 68-77. 


3. Cnor, C. C., 1949. Public Health in Korea. 


Economie © ooperation Administration Mis- 
sion to Korea, Washington, D.C. 


9. Sapun, E. H., Lin, 8. 8., anp Watton, B. C 


1959. Studies on the host parasite rel: ation. 
ships to Schistosoma japonicum. III. The 
use of purified antigens in the diagnosis of 
infections in humans and experimental 
animals. Mil. Med., 124: 428-436. 

. Cuuna, H. L., Wena, H. C., Hov, T. C., ann 
Ho, L. Y., 1955. The value of complement 
fixation test and intradermal test in the 
ay of paragonimiasis. Chinese M. J., 
73: 47-54 

. CHUNG, H. L. , WENG, H. C., Hou, T. C., ann 
Ho, L. Y., 1955. ¢ ‘ross intradermal reactions 
of patients with paragonimiasis, clonorchia- 
sis and schistosomiasis to different trema- 
tode antigens and their clinical significance 
Chinese M. J., 73: 368-378. 


2. Sapun, E. H., 1955. Studies on Opisthorchis 


viverrini in Thailand. Am. J. Hyg., 62: 81- 

115. 

Paragonimiase, 

Beitrage zur Roentgendiagnostik und Ein- 

teilung der Lungenparagonimiase. Fortschr. 

Geb. Réntgenstrahlen, 87: 313-321. 

. FEHLEISEN, F., ann Cooper, C. M., 1910. 

Paragonimiasis or parasitic hemoptysis 
Paced 1., 64: 697-699. 

ABEND, L., 1910. Ueber Haemoptysis para- 
sitaria. Deutsches Arch. klin. Med., 100: 
501-511. 

}. Harter, D. H., anp Morsgs, S. I., 1959. Pul 

monary paragonimiasis: Report of a case 

Ann. Int. Med., 51: 1104-1109. 

. Musorave, W. E., 1907. Paragonimiasis in the 

Philippine Islands. Philippine J. Sc., 2: 

14-65. 


58. Craic, C. F., anp Faust, E. C., 1951. Clinical 


Parasitology. Lea & Febiger, Philadelphia. 
. BELDING, D. L., 1942. Textbook of Clinical 
Parasitology. Appleton-Century-Crofts, Inc., 
New York. 


60. Buck, A. A., Ligske, H., anp Haace, H 


31. Martin, S. H., 19 


32. Komrya, Y., AND YoxoGawa, M., 


38. WUHRMANN F 


3. BrRKELO, C. 


1958. Ein Fall von Paragonimiasis der 
Niere. Ztschr. Tropenmed. u. Parasitol., 9: 
212-216. 

27. Paragonimiasis and its 
treatment. Chinese M. J., 41: 457-460. 

1953. The 
recovering of Paragonimus eggs from stools 
of paragonimiasis patients by AMS ty cen- 
sollentenn technic. Jap. J. M. Sc. & Biol., 


6: 207-2 

Anpo, A., AND YaMaTA, R., 1916. X-ray diag- 
nosis of pulmonary lesions of Paragonimus 
westermani. (In Japanese) Taiwan Igakkwai 
Zasshi Tathoku, 169: 934-935 

44. Mryake, T., 1952. The x-ray diagnosis of 

paragonimiasis. Jap. J. Clin. Tuberc., 11: 


55. Sapun, E. H., anp Vasrastuira, S., 1953. 


Studies on intestinal parasitic infections in 
Cholburi Province (Thailand). Am. J. Trop. 
Med. & Hy ., 2: 286-297 


36. Sapun, E. H., 1953. Intestinal helminthic 


infections in Thailand. J. M. A. Thailand, 
36: 101-120. 


37. WuHRMANN, F., aNnp WUNDERLY, C., 1952. Die 


Bluteiweisskoerper des Menschen. Benno Sc- 
hwabe, Basel 

1956. Mycardose. Benno 
Schwabe, "Basel. 


9. KRUIDENIER, F. J., anp Katcn, A. K., 1959. 


Electrophoretic studies of the sera of white 
rats — cats following infection with Para- 
gonimus kellicotti, Ward, 1908. J. Parasitol., 
45 (suppl.): 17. 


. Froritio, A. M., 1954. Estudo electroforetico 


do soro de pacientes portadores do esquistos- 
somose mansoni hepato-esplemia. Hospital, 
Rio de Janeiro, 45: 647-651. 


. Evans, A. S., AND STrREWALT, M. A., 1957. 


Serologic reactions in Schistosoma mansoni 
infections. III. lonographic fractionation of 
sera of mice with progressive disease. Exper. 
Parasitol., 6: 8-17. 


2. Sapun, E. H., anp Watton, B. C., 1958. 


Studies on the host parasite relationships 
to Schistosoma japonicum. II. Quantitative 
changes in the concentration of serum 
proteins in humans and rabbits. Am. J. 
Trop. Med. & ive-, 7: 500-504. 

Cu CHAMBERLAIN, fe * 
PHELPS, P. S., ScHoo.s, P. , Zacks, D.; 
AND YERUSHALMY, J., 1947. r\ comparison 
of the effectiveness of various roentgeno- 
graphic and photofluorographic methods. 
J.A.M. A., 183: 359-365. 


. Watton, B. C., anv Cuyv, I., 1959. A survey 


of the prevalence of clonorchiasis and para- 
gonimiasis in the Republic of Korea by the 
use of intradermal tests. Bull. World Health 
Organ., 21: 721-726. 


5. Brown, H. W., ann Hussey, K. L., 1947. 


Experimental therapy of paragonimiasis in 
dogs. J. Parasitol., 33: 33-35 


76. Granz, W., 1956. Zur Symptomatologie und 


Therapie der Paragonimiasis westermani. 
Verhandl. deutsch. Gesellsch. inn. Med., 62: 
685-690. 


77. Kiramoto, O., Oxata, H., Vesoxa, T., 


YoxoGawa, S., AND Krpata, M., 1958. The 
effect of chloroquine in lung paragonimiasis. 
(In Japanese) Kokyumi, Chinyo, 18: 92. 





SEROLOGIC DIAGNOSIS OF SCHISTOSOMA MANSONI INFECTIONS 


Il. Sensiriviry oF INTRADERMAL AND SEROLOGIC TESTS ON INDIVIDUALS WITH AN 


UNEQUIVOCAL DIAGNOSIS OF SCHISTOSOMIASIS 


ROBERT I. ANDERSON* anp DAVID H. NAIMARKt 


U.S. Army Tropical Research Medical Laboratory, San Juan, Puerto Rico 


The difficulties encountered in parasitological 
methods for the diagnosis of schistosomiasis 
have stimulated interest in use of intradermal 
and serologic tests for diagnosis of the disease. 
Kagan,’ in an excellent review article, sum- 
marized the value of the immunologic tests and 
discussed the problems concerned. 

While all of the tests provide valuable assist- 
ance in diagnosis of the disease, little attention 
has been given to evaluation of the relative sensi- 
tivity and specificity of the procedures. The 
purpose of this study was to determine the rela- 
tive sensitivity of representative intradermal and 
serologic tests on large numbers of patients with 
an unequivocal diagnosis of Schistosoma mansont 
infection. The influence of age, sex, duration of 
the disease, splenomegaly, hepatomegaly and 
therapy upon sensitivity of these tests will be the 
subject of a subsequent report. 


MATERIALS AND METHODS 


As this study was an evaluation of the relative 
sensitivity of selected intradermal and serologic 
tests, all tests were performed as originally de- 
scribed unless otherwise noted. Any modification 
was used throughout the study and no attempt 
was made to alter the sensitivity of any procedure 
either before or during the evaluation. 

Intradermal tests. extracts of 
adult, cercarial, and egg stages of S. mansoni 
were used. Adult and cercarial extracts were 
prepared by the method of Horstman et al.? 
Later, an additional adult stage extract was in- 
cluded in the study; this antigen was extracted 
from adult S. mansoni by methods described* 
for tests in Schistosoma japonicum infections. 
Egg antigen was prepared by the method of 
Oliver-Gonzalez et al.* All intradermal tests were 


Saline soluble 


* Present address: Department of Medical 
Zoology, Walter Reed Army Institute of Research, 
Washington 12, D.C. 

+t Present address: Office of the Surgeon, Head- 
quarters Fourth U. 8. Army, Fort Sam Houston, 
Texas. 


performed and results determined by the criteria 
of Horstman et al.? 

Serologic tests. Five representative serologic 
tests were used in the study. Saline soluble ex- 
tracts were employed as antigen in three of the 
tests. These antigens were prepared from adult 
schistosomes or cercariae by the method of 
Chaffee et al.;5 minor modifications of Anderson® 
were incorporated into the technic. Both antigens 
were used in a spectrophotometrically stand- 
ardized complement fixation procedure’: * with 
triethanolamine buffered salt solution® used as a 
diluent for all reagents. In addition, the cercarial 
antigen was employed in a slide flocculation 
test.° Two technics employing viable parasitic 
forms as antigen were studied. These were the 
cercarial agglutination technic’ and the cir- 
cumoval precipitin test." The latter tests were 
performed as described by the authors with the 
exception that the cercarial agglutination test 
was performed at reduced volumes (0.1 ml pa- 
tient’s serum, plus 150 cercariae in 0.1 ml 0.9% 
saline) to conserve reagents and sera. Sera that 
gave no reaction ora weak reaction in the cercarial 
agglutination technic were repeated in serial 2- 
fold dilutions to eliminate possible “false nega- 
tive” results from prozone reactions. 

Patients and sera. The patients studied were 
referred to the U. S. Army Tropical Research 
Medical Laboratory by collaborating physicians 
of the San Juan City Hospital, Bayamon District 
Hospital and the Rodriguez Army Hospital. All 
of these medical centers are in the greater metro- 
politan area of San Juan, Puerto Rico. During 
the initial visit of the patient, a brief clinical 
history was taken, the intradermal tests were 
performed, a blood specimen was taken, and 
arrangements made for multiple stool examina- 
tions. Unless S. mansoni eggs could be demon- 
strated in one or more stools, the patient was 
eliminated from this particular study. Individuals 
whose sera yielded a reaction in routine serologic 
tests for syphilis also were omitted. Serum speci- 
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mens were removed from the clot by centrifuga- 
tion and were stored at —20°C until required for 
tests. Just prior to testing all sera were inacti- 
vated in a water bath at 56°C for 30 minutes. 
Sera were distributed as unknowns to personnel 
performing the tests. 


RESULTS 


Intradermal tests. The results obtained with the 
intradermal tests are presented in Table 1. 
Sensitivity of the intradermal tests was not too 


TABLE 1 
Relative sensitivity of Schistosoma mansoni 


antigens in intradermal tests 


Results obtained in 
given test* 
No. of 
per- 
sons R 
tested 


Antigen 


No 
Adult (Horstman) 468 
Adult (Hunter 107 
466 
313 


27860 161/34 
73\68 33/31 
330/71 117|25 
34/11 264/84 


Cercarial 
Egg 


* The symbols, R (reaction), wr (weak reac 
tion), (no reaction), replace the conventional, 


positive, doubtful, negative notations. 


TABLE 2 
Relative sensitivity of Schistosoma mansoni 
SE rologic tests 


Results obtained in given testt 


No. of 
persons R 
tested 


Test and 
antigen* 


No. 


507 

505 : 18 
470 9 
314 | 77 7 
445 | 8&8 61 


CFA 545t 
CFC 5A 
SFC 519 
AggC 405 
OPE 506 


Nw bw hw & bo 


* Complement fixation adult antigen 


(CFA); complement fixation test, cercarial anti- 


test, 


gen (CFC); slide flocculation test, cercarial anti- 
gen (SFC); cercarial agglutination test (AggC); 
and circumoval precipitin test (OPE). 

t The symbols, R (reaction), wr (weak reac- 
tion), (no reaction), replace the conventional 
positive, doubtful, negative notations. 

t Five sera were anticomplementary in the com- 
plement fixation tests. 
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TABLE 3 
Serologic patterns obtained from 355 patients with 
S. mansoni infection 


Total 


Test and antigen* 
Reactive in —— - ccmenial 
CFC | SFC | AggC | OPE |No.| &% 


All 5 tests 


4 tests 


R 


— R 


350 (346 (351 


399 (319 (355 


| 


Number 
Per Cent 


98.6 97.5 98.9 98.3) 89.9) 


* See corresponding footnote, Table 2. 
+t The ‘“‘R”’ indicates reactive plus weakly re- 
active tests. 


t The (—) sign indicates no reaction. 


satisfactory. Cercarial extract was the antigen of 
choice. However, 25% of the patients showed no 
reaction to this antigen. The results obtained 
with both adult extracts showed an even larger 
percentage of diagnostic failures. Thus 34% of 
the patients failed to react with the Horstman 
type antigen, and 31% failed to react with that 
of the Hunter type. Egg antigen showed the 
least promise as a diagnostic tool; 84% of the 
individuals failed to react with this extract. 

Serologic tests. All serologic tests, on the other 
hand, showed excellent sensitivity. The findings 
are presented in Table 2. Sera from only 2% of 
the patients failed to react to some degree with 
adult antigen in the complement fixation test; 
3% gave no reaction with cercarial antigen. 
Only 2% of the sera were nonreactive in the 
cercarial slide flocculation and cercarial aggluti- 
nation tests. The circumoval precipitin test 
showed 12% diagnostic failures. The incidence of 
weak reactions was low in the adult complement 
fixation test (4%), the cercarial complement 
fixation test (3%), and the slide flocculation test 
(7%). A considerably higher incidence (21%) of 
weak reactions was obtained in the cercarial 
agglutination procedure. 
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Limited volumes of sera prevented the per- 


formance of all tests on all serum specimens; 


however, sufficient serum for all tests was avail- 
able from 355 patients. The patterns obtained in 
the five serologic tests with these sera are pre- 
sented in Table 3. The small numbers of weakly 
reactive sera have been combined with those 
showing a reaction to simplify presentation of 
data. A reaction was obtained in all five pro- 
cedures with 301 of the 355 sera. Thirty-four of 
the remaining sera reacted in all but the cir- 
cumoval precipitin test. The incidence of non- 
reactive sera in any other single test was con- 
siderably less. Only 1 serum from the 355 patients 
reacted in less than 3 tests. 


DISCUSSION 


The results obtained with the intradermal 
tests were discouraging (Table 1). As indicated 
by Kagan! the need for standardization of the 
intradermal tests on an objective basis with 
purified antigens at chemically established con- 
centrations seems warranted. 

Excellent results were obtained in all serologic 
procedures (Table 2). As all sera had been 
distributed as unknowns to individuals per- 
forming the tests, the results were not prejudiced 
by prior knowledge of the diagnostic status of the 
patient. The low incidence of weak reactions in 
the two complement fixation tests and in the 
slide flocculation test is worthy of note as weak 
reactions, in test, present difficulty in 
interpretation. The agglutination test, on the 
other hand, yielded a relatively large percentage 
(21%) of weak reactions. As sera yielding weak 
reactions in the agglutination procedure had been 
repeated in serial 2-fold dilutions, the weakly 
reactive sera were not due to prozone reactions. 
As the test had been performed at reduced 
volumes to conserve sera and reagents, inter- 
pretation of the degree of reaction obtained may 
account for the large number of weakly reactive 
sera. If other laboratories 
produce comparable results, investigations might 
be made to determine the merits of possible 
changes in interpretation of the degrees of 
agglutination obtained. Thus, many of the sera 
interpreted here as weakly reactive might be 
then classified as reactive. 

In the group of 355 patients on whom all 
serologic tests were performed, all of the schisto- 
infections could been detected 
serologically (Table 3). In fact a combination of 


any 


similar studies in 


some have 


either complement fixation test with the slide 
flocculation or agglutination test would have 
detected all of the infections. Likewise, a combi- 
nation of the slide flocculation and agglutination 
tests would have detected all of the infections. 

In this study, sensitivity of the intradermal 
technics was considerably lower than that ob- 
tained in the serologic tests. The latter tests, 
while more difficult to perform, warrant recom- 
mendation. Greatest sensitivity was obtained in 
the two complement fixation tests and in the 
slide flocculation test. 


SUMMARY 


The relative sensitivity of four intradermal 
and five serologic procedures was determined on 
patients with an unequivocal diagnosis of 
Schistosoma mansoni infection. Cercarial antigen 
proved to give the highest sensitivity (75%) of 
the intradermal antigens. At this laboratory, 
sensitivity of all intradermal tests was consider- 
ably less than that obtained with the serological 
procedures. Sensitivity of the complement 
fixation test was 97% with adult antigen and 
96% with cercarial antigen. Comparable results 
were obtained in the cercarial slide flocculation 
(98%) and the cercarial agglutination (98%) 
tests. However, a relatively large number (21%) 
of weak reactions were obtained in the agglutina- 
tion test. The circumoval precipitin procedure 
showed a sensitivity of 88%. 

All schistosome infections in the group of 355 
patients, on whom all tests were performed, 
could have been detected serologically. A combi- 
nation of either complement fixation test with 
the slide flocculation or agglutination test would 
have sufficed. In a like manner a combination of 
the slide flocculation procedure and the aggluti- 
nation test would have detected all of the 
infections. The complement fixation tests and 
the slide flocculation test showed the greatest 
sensitivity. 
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ADDITIONAL RECORDS OF DIPYLIDIUM CANINUM INFECTIONS IN 
CHILDREN IN THE UNITED STATES WITH OBSERVATIONS ON 
TREATMENT 


DONALD V. MOORE* ann FRANK H. CONNELLt 


Hutchison et al. reported the first case of 
human Dipylidium infection from 
Mississippi and considered it as the ninth such 
case recorded from the United States. Six of 
these nine cases are recorded in standard text- 
books by Faust,? (three cases from New Orleans) 
and Chandler,* (three cases from Houston). The 
reports of the other three cases are in the liter- 
ature covering the years 1910 through 1959.!: 4: § 
D. caninum is a cosmopolitan parasite of dogs, 
and human infections have been reported from 
many parts of the world.? In spite of the wide- 
spread distribution of human infections, cases 


caninum 


are not numerous. Reports from new geographic 
areas do occur such as that of Figueroa and 
Aguilar® recording the first human infection in 
Guatemala. 

The cases which have come to our attention 
do not come from new geographic areas but 
certain observations made regarding the diag- 
nosis and therapy warrant reporting. In addition 
it is important to emphasize that human infection 
with D. caninum should in the 
differential diagnosis of intestinal cestodiases. 

The first case was that of a 27-month-old 
white female who, on June 17, 1959, while living 
in Florida, was suspected of having a helminth 
infection. On the assumption that this infection 
was enterobiasis the child was given two full 
courses of piperazine citrate. In August, 1959, 
while the family was visiting in El Paso, Texas, 


be considered 


the parents observed white objects in the stool. 
A physician was consulted and the parents 
suggested that the white objects seen might be 
tapeworm segments. They were told that these 
objects were vegetable matter and could not be 
tapeworm segments. Late in August the family 
moved to Dallas, Texas. Early in September, 


when the patient was 30 months old, specimens 
of proglottids 
(D. V. M.) and were identified as gravid pro- 


were brought to one of us 
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glottids of D. caninum. The following day a stool 
specimen was brought to the laboratory and 
examined by the zine sulfate and formalin-ether 
concentration procedures. It was found to contain 
between 50 and 75 actively motile proglottids. 
No other parasites nor eggs or egg capsules of 
D. caninum were seen. The specimen was placed 
in the refrigerator over the weekend. On Monday, 
after gross examination revealed no proglottids, 
the specimen was again examined by the concen- 
tration techniques on the assumption that the 
proglottids would have autolyzed leaving the 
eggs and egg capsules in the specimen. These 
procedures failed to reveal any eggs of D. 
caninum. Scrapings were made from the walls 
of the container and examined microscopically. 
Typical eggs and egg capsules of D. caninum 
were seen in these preparations. Apparently the 
gravid proglottids had crawled up the side of 
the container and disintegrated there, leaving 
the eggs attached to the walls. In the majority 
of cases the diagnosis of D. caninum infection is 
made on the finding of typical proglottids in 
the stool; however, the migratory habits of these 
proglottids should be borne in mind and the 
walls of the specimen container examined for 
eggs. 

The patient was treated with 0.5 gram of 
atabrine and a purge attempted 2 hours after 
administration of the drug. Directions for the 
preparation of the patient prior to drug adminis- 
tration were not followed closely and the post- 
treatment purge was unsuccessful. In spite of 
this a stool specimen which contained numerous 
single proglottids and several chains of pro- 
glottids after treatment. This 
specimen had been kept by the parents for 2 
days before they brought it to the laboratory. 
Therefore it was impossible to find scolices to 
determine the number of worms involved in this 
infection. 


was obtained 


During the period from June to September 
the child had failed to gain weight, had been 
unusually irritable and experienced intense anal 
itching. She had also experienced pain with 
bowel movements of sufficient intensity to cause 
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crying. Each night she had awakened crying and 
complaining of abdominal pain. On the same 
intake of food the patient gained 1 pound in the 
Ist week after therapy and a half pound during 
the 2nd week. All symptoms disappeared after 
therapy. No tapeworm proglottids have been 
seen in the 8 months since treatment. 

The second case was that of a 24-month white 
female residing in Houston, Texas. The mother 
noticed 4 or 5 proglottids moving in the stool. 
The specimen was first submitted to a local 
commercial the proglottids 
were erroneously identified as Hymenolepis nana. 
They were later examined by one of us (F. H. C.) 
and identified as gravid proglottids of D. caninum. 
Eggs pressed from these proglottids were for the 
most part still within the embryonic mother 
membrane. Those which had been freed from the 
mother membrane began hatching in normal 
saline within a few minutes. The onchospheres 


laboratory where 


were remarkably active and vigorous. The flame 
cells of the onchospheres could not be seen even 
with phase contrast 
excellent 


microscopy. However, 


phase contrast motion pictures of 
hatching were obtained. Treatment with dithia- 
zanine iodide, 50 mg t.i.d. in banana for 5 days, 
was begun 2 days after the proglottids were 
first noticed. One tablet was vomited but no 
other difficulty Proglottids 
ceased appearing after the Ist day of treatment 
and have not reappeared in the 16 months since 
then. The worm or worms were apparently 
digested in situ. This patient was asymptomatic. 

The third case was that of a child who lived 
in the southwestern Louisiana area and at the 
time the diagnosis was made was a patient in 
Children’s Hospital in Houston. The 
observation of proglottids in the stool led the 
parents to seek medical advice. The proglottids 
were identified by F. H. C. as being gravid 
proglottids of D. caninum. The patient was 
treated with atabrine and the worm expelled 
without difficulty. 

The fourth case was that of a 4-year-old child 
living in Lewisville, Texas. The parents observed 
proglottids in the stool and submitted them to 
the physician. They were identified by D. V. M. 


was experienced. 


Texas 


as gravid proglottids of D. caninum. The patient 
was successfully treated with atabrine. Vague 


abdominal discomfort was the only symptom 
exhibited by the patient. 
These four patients all had close contact with 


dogs as each one’s family owned a dog. In the 
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first case the family owned two dogs which had 
been given an anthelminthic prior to the time 
the patient was seen by us. Unfortunately there 
was no opportunity to examine the dogs owned 
by the other three families. 

All of the of D. caninum infection 
recorded from the United States have been in 
This may be due to the increased 
exposure of small children to infection. On the 
other hand this may indicate an age resistance 
as has been suggested by Faust and Russell.’ 

From conversations with other parasitologists 
the authors have learned that other cases of 
human D. caninum infections have been observed 
in other parts of the United States but not 
recorded. The potentiality of infection with D. 
caninum should be emphasized in the teaching 
of medical students. Laboratory material for 
teaching is readily available, usually in animals 
right at the medical school. 


sases 


children. 


SUMMARY 


Four additional cases of human infection with 
Dipylidium caninum are recorded, making a 
total of 13 such infections reported from children 
in the United States. One of these patients 
exhibited symptoms attributable to the tapeworm 
infection, two were asymptomatic and one 
experienced only vague abdominal discomfort. 
In all cases the presence of proglottids in the 
stool led the parents to seek medical advice. 

Three of the four patients were successfully 
treated with atabrine. The remaining one was 
successfully treated with dithiazanine iodide. In 
the latter case the worm or worms were ap- 
parently digested in situ. 
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STUDIES ON THE HYDATID WORM, ECHINOCOCCUS GRANULOSUS 


I. Species IDENTIFICATION OF THE PARASITE FouNnD IN MISSISSIPPI* 


WILLIAM FORREST HUTCHISON anp MILDRED W. BRYAN 


Department of Preventive Medicine, University of Mississippi, School of Medicine, Jackson, Mississippi 


Recent information indicates that hydatid in- 
fections are found in man and dogs in Mississippi 
more commonly than in other parts of the con- 
tinental United States exclusive of Alaska. Sur- 
veys show that the infection is widespread in 
native Mississippi swine. The infection appears to 
be Echinococcus granulosus but Mississippi is not 
considered to be a sheep-raising area, and the 
cysts commonly found in hogs are small and some- 
times appear atypical. Numerous species of 
Echinococcus have been described, and their status 
has been reviewed by Cameron,! Ortlepp,? and 
Rausch.*: 4 Although all species may be capable of 
infecting man if their ova are ingested, only two 
species seem to be of medical importance. These 
are Echinococcus granulosus which is the cause of 
unilocular hydatid disease and Echinococcus multt- 
locularis which causes alveolar hydatid disease. 
Before proceeding into epidemiological studies it 
seemed necessary to identify the species of 
Echinococcus responsible for hydatid disease in 
Mississippi. 


METHODS 


Fertile hydatid cysts for the study of the larval 
stage were obtained from native Mississippi 
swine slaughtered at the Jackson Packing Com- 
pany, Jackson, Mississippi. 

Dogs free of infection were fed fertile hydatid 
cysts obtained from the liver of hogs and were 
sacrificed at weekly intervals to provide develop- 
mental stages of the adult parasite. When the 
dogs were sacrificed, the intestine from the level 
of the stomach to the anus was removed and cut 
into short segments of 10 to 15 em which were 


* This paper is based on a portion of a disserta- 
tion submitted to the Faculty of the Graduate 
School of Tulane University in partial fulfillment 
of the requirements for the degree of Doctor of 
Philosophy. The study was done in the Depart- 
ment of Preventive Medicine, The University of 
Mississippi School of Medicine, Jackson, Missis- 
sippi, and was supported in part by Research 
Grant Number E-1237, from the National Institute 
of Allergy and Infectious Diseases, United States 
Public Health Service. 
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examined separately. The contents and scrapings 
from the mucosa, suspended in normal saline, 
were collected in sedimentation flasks. Small por- 
tions of the sediment were poured into large Petri 
dishes for examination under a dissecting mi- 
croscope. All of the intestinal and 
mucosal scrapings were examined. 


contents 


Worms obtained by the above method were 
freed from mucus and fixed in either 10% neutral 
formalin, Gilson’s fixative, A.F.A. (alcohol- 
formalin-acetic acid), or hot 70% ethyl alcohol. 
Worms fixed in the various solutions were stored 
in 70% ethyl alcohol. For morphological study 
the worms were stained with standard carmine or 
hematoxylin preparations and were cleared and 
mounted by the usual technics. 

Two (Vulpes fulva), three raccoons 
(Didelphis vir- 
giniana), and one domestic cat (Felis domestica) 
were fed fertile hydatid cysts. Approximately 12 
weeks after inoculation these animals were sac- 
rificed and examined for adult parasites, since 
repeated examination of their feces revealed 
neither eggs nor proglottids. 

Three hogs, 15 deer mice (Peromyscus manicu- 
latus), 103 white mice, and 5 white rats were 
inoculated by mouth with gravid proglottids of 
Echinococcus, suspended in tap water. These 


foxes 
(Procyon loter), one opossum 


animals were sacrificed at varying time intervals 
up to 9 months after inoculation, and visceral 
organs were examined for evidence of infection 
with the larval stage of the parasite. 


RESULTS 


Experimental infections. Attempts to infect the 
domestic cat, the opossum, and the raccoons were 
unsuccessful. One fox died 2 weeks after inocula- 
tion and post-mortem examination revealed no 
worms. The other fox when examined 12 weeks 
after inoculation had only 9 worms which were 
not mature and did not contain ova. 

No evidence of infection was found in rodents 
examined up to 9 months after inoculation with 
gravid proglottids of Echinococcus. 





ECHINOCOCCUS 


Fig. 1 
hydatid 
infected swine x 1 


Section showing typical morphology ol 


evst obtained from liver of naturally 


\ll three of the hogs fed gravid proglottids ol 
Echinococcus wert infected with the larval stage 


of the parasite when sacrificed 5 months afte 
inoculation; numerous unilocular cysts were found 
in the liver 

found 


Ph 


of the liver or 


Cysts and scolices. Hvdatid evsts were 
most commonly in the liver of infected swine 
cysts were visible on the surface 
could be felt by passing the hand over the liver 


sts 


with slight pressure. The single or multiple ¢) 


were often imperfect spheres; on sectioning such a 
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the cyst wall 


The cysts 


cyst (Figure 1) it was seen that 
formed pockets into the liver tissue 
were confined by a tough laminated layer inside 
of which, in fertile cysts, was found the typical 
germinative laver from which larval scolices were 
budded off to float free in the cystic fluid. The 
germinative membrane was white in color and 
Was casil\ pulled away from the laminated laver. 
Cysts over 1 em in diameter usually had a well 
defined germinal membrane and larval clements 
floating in the evstie fluid 


Phe scolices floating free in the fluid were either 


in groups joined by a strand of protoplasm re 


sembling spokes of a wheel (Figure 2) or were 
Onlv a small proportion ol the scolices 


No 
seen in the fluid, but small 


separate 


were evaginated structures resembling 
daughter cysts were 
evsts were seen budding off from the germinative 
membrane. Individual scolices ranged from 0.1 to 
0.2 mm in length. The length of the large hooks of 
the rostellum ranged from 29 to 31 mu with an 
average of 30 w; whereas that of the small hooks 
ranged from 24 to 26 vi with an average of 25 rv 
Limmature 
Which had been fed larval scolices 1 to 2 weeks 


chief 


worms. Worms obtained from dogs 


previously were immature (Figure 2). The 
differences noted between scolices and immature 
were growth in length and differentiation 
\t the end of 2 
length of the strobila ranged from 0.6 
the diameter of the 
ranged from S83 to 104 w with an average of 9S wu 

\Vature 


proglottids, the second of which had sexual organs 


is 
of proglottids by the 2nd week 
weeks the 
and rostellum 


to 0.7 mm 


worms. The 4-week-old worm had two 
t\ pi al ol those found in the mature proglottid ol 
Figure 2). The length of the worm 
The diameter of the 
rostellum ranged from 97 to LIL wu. In the mature 


BE gran ilosus 


ranged from 1.6 to 2.0 mm 


proglottid the testes were clearly evident at this 


time and ranged in number from 35 to 49, with 


an average of 42. The testes were both anterior 


and posterior to the genital pore which was lo 
cated in the mid-lateral part of the mature 
proglottid 

The 5-week-old worm, having three proglottids, 
was considered mature although no eggs were 


The 


length of the strobila ranged from 1.8 mm to 2.6 


present in the terminal proglottid (Figure 2) 
mm. The diameter of the rostellum ranged from 
97 to 125 w, with an average of 114 uw 

Gravid worms. Gravid worms 8, 9, and 17 weeks 


old had three proglottids and other morphologic 
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Fic. 2 
i hog 
old. 5 


WOrths 


- In 
\l iture 


17 weeks old. ¢ 


in mature worms, | week old. 3 


vorms, 5 weeks old 


imera lucida drawings, X 


pore, oO, OVATY sr, seminal recept ele 1 testes: u 


haracters in common (Figure 2). The slightly 


the 


which 


sacculated uterus of gravid proglottid con 


SIN hooks 


terminal or 


seen the 
the 


vgs within 


tained eg 
anth 


the 


were 
In 
gravid proglottid the genital pore was posterior to 
the the In the 


testes were both anterior 


ol henxac embrvo 


mid-lateral part of proglottid 


second proglottid the 
ind posterior to the 


Phe 


ranged from 


genital pore 

the old vid 
The diameter of the 
rostellum ranged from 97 to 125 uw with an aver 
114 Ph 
‘ranged from 33 to 40 u with an 
whereas that of the small hooks 


ranged from 26 to 33 yu with an average of 29 yu 


length of S-week gra worm 


LS to 5.0 mm 


we diameter of length of the large 


bh 
scol 


hooks of the 


iverage ol bh 
The 9-week-old worm ranged in size from 2.1 to 
3.0 mm. The the rostellum 


104 to of 117 


ranged 


he 


diameter of 


ron 5 yu vith an averag 


bh 


Morphologic develop vent of Echinococcus granulosus. | 
Immature worms 
(6. Gravid worms 


5. Abbreviations: ¢ 
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Scolices obtained from a hydatid eyst 


2 weeks old. 4. Mature worms, 4 weeks 


8 weeks old. 7. Gravid worms, 0 weeks old. 8. Gravid 


cCIrrus; ¢S, ClIrrus sac; gp, genital 


uterus; \ olk vland 


Vagina: vg 
of the scolex was essentially the 
sume as for the S-week-old worm 

The strobila of the 
length 


size of the hooks 


17-week-old worm ranged in 
The of the 
was packed with eggs 
The 


ranged from 


from 2.6 to 3.0 mm uterus 
gravid segment at this age 
and showed evide nee ot lateral sacculation 


diameter of the rostellum at this age 


135 to 157 w with an average of 149 w. The size 
of the hooks of the scolex 


as at the 


Was essentially the same 
Sth week 
DISCUSSION 


hee nh 
These 


oligarthr us 


Kight Echinococcus have 
viewed 
clude EB 
Diesing, 
1926: E 
Orth pp, 


sp CleCS 


the 


ol 
literature 
Satsch, 1786 


r 
tausch 

°E 
longimanubrius 
1926; EF 


in by in 
granulosus 


miniwaius ( ameron, 


1934; EF 


1863); Cameron, 


cameron 


1934; EF 


liye aontis | rtlepp, 
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felidis Ortlepp, 1937; and E. multilocularis 
Leuckart, 1863) Vowel, 1955 Informatioh on the 
species KE longimanubrius and FE. minimus is in 
complete, and they have been regarded by Rausch 
as species tnguirendae and probably conspecific 


with EF 
the 


granulosus. Rausch also concluded that 
species BE 
rhe 


felidis were first described as parasitizing feline 


cameron’ is conspecific with # 


gran ilosus species kK oligarthrus and E 


hosts and do not, as far as is known, occur in 
eanine hosts. On the basis of present knowledge 
I}. lycaontis described from Lycaon pictus in South 
\friea os 
Rausch. The larval form for this species has not 


considered as a separate species by 
heen described. The adult stage has five proglot 
tids sets it from EF 


and it has 


which apart as a species 


granulosus, Which normally has three 


testes well anterior to the genital pore in mature 
proglottids which distinguishes it from EB. multi 
lon ilaris 

Pwo species, EB. granulosus and E. multilocu 
known to infect thei 


orms, but they differ in morphology and in their 


Maris, “are larval 


nian in 
host re lationships Morphologically E. granulosus 
hvdatid while EF 


ilaris produces alveolar hydatid disease 


produces untlocular disease 
ltilos 
In host relationships natural infections of rodents 
with EB. on 
‘and Vogel, 
with F 
Experimentally infections of rodents wit! 
Kk multilocularis have 
Rausch and Schiller,*: * Vogel,’ Man 
kau,!' and Sadun et al.,? but these workers 
were unable to infect rodents with 
Also Gibbs," studving 
identical with # 
three species Ol rodents. On the other hand, Tagk 


[trlox have been 


but 


idlaris reported by 


Rausel natural infections of 


these hosts granulosus have not been 
found 
be n reported by 


Rausch, ' 


granulosus 
a worm morphologically 
granulosus, Was unable to infect 
et al."* produced infection with EF. granulosus in 5 
of 14 Octodon degus degus, a native Chilean rodent, 
and Yamashita et al.,! 
of E 
wer 
lated 
tempts to infect white mice, deer mice, and whit« 


using an Australian strain 
granulosus, reported that unilocular cysts 
produced in 10% of experimentally inocu 
white mice. In the present study all at 
rats were negative 

In the adult stage # 


dogs and foxes whereas EF. granulosus infects dogs 


multilocularis infects both 


and wolves. Riley'®" found that timber wolves 


(Canis lupus lycaon) harbored the adult stage of 


E granulosus in Minnesota, but coyotes and red 
Although the fox and the cat 


foxes were negative 
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have been suspected to be definitive hosts of £ 
granulosus, the raccoon and opossum have not, 
even though they are carnivorous. Southwell" ex 
amined a fox 27 days after inoculation and found 
adults of EF. the small 
On the other hand Matoff and Jant 
reporting on attempts to infect experi 


mature granulosus in 
Intestine 
scheff,!" 
mentally 16 foxes, found this animal to be an un 
natural host, as the worms achieved only partial 
the 


Results of the present study indicate that the fox, 


development without formation of 


eggs 
the raccoon, and the opossum are not good hosts 
for the development of the hydatid worm found 
in Mississippi 

Southwell and Lérinez®® found that 2. granu 
Vogel 


report dthat EF granulosus matures only in dogs, 


losus did not mature in the domestic cat 
whereas FE. multilocularis matures not only in the 
but also in the cat and the fox. The inability 
ol the 


dog, 
hydatid worm found in) Mississippi to 
mature in the fox or the cat is in agreement with 
the findings for 2. granulosus by previous investi 
gators 

The species of Echinococcus in Mississippi was 
found to infect dogs in the adult stage and swine 
in the larval stage producing in the latter case a 
The adult stage was not 
the the 
opossum, the raccoon, or the domestic cat. At 


unilocular hydatid cyst 


able to establish an infection in fox, 
tempts to intect rodents with the larval stage of 
the The results of these 


host 


parasite were negative 


experiments concerned with 
that 


present study 


relationships 
indicate the species of Echinococcus in the 
is BE. granulosus 

Vogel that the 


spt cies of ky hinococcus ean be determined on the 


Rausch*: * and have shown 
basis ol morphological characters in mature and 
gravid adult worms, as well as by differences in 
the host-parasite These 
found that EF. granulosus always had 3 proglot 
tids, that it had twice as many testes as FE. multi 


that the testes were both anterior and 


relationship authors 


ocularis, 
posterior to the genital pore, and that the genital 
pore was near the middle of the mature segment 
but was slightly posterior to the middle of the 
gravid segment 

In the present study gravid worms always had 
3 proglottids The testes could be counted best in 
the mature proglottid of the 4-week-old worm, 
since they began to disappear as this proglottid 
the 
of the worm, this character 


became gravid. Because number of testes 


varies with the age 
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cannot be relied upon for species identification 
Che number of testes in the 4- and 5-week-old 
worms studied clearly identifies these worms with 


The 


under consideration had testes both anterior and 


the species E. granulosus hydatid worm 
posterior to the genital pore of the mature proglot 
tid at all periods of its development studied. As 
early as the 5-week-old stage (Figure 2) the po 
value in 
\s the terminal proglottid 


became gravid, the genital pore shifted from the 


sition of the genital pore became of 


species determination 


mid-lateral margin of the 
the 
it is characteristically located in 


segment to a position 


slightly posterior to mid-lateral margin 


Figure 2) where 
E. granulosus 
Some me phological characters of lesser im 
portance in species identification, reported by 
* Vogel’ and Yamashita et al.2' are the 
length of the strobila and the size of the large and 
small hooks the 
strobila in the present study show that the worms 
fall in the range reported for both 
and EB Ph 


vestigator used in preparing the worms for study 


Rausch, 


Observations on the length of 
granulos is 
multilocularis procedures each in 
varied considerably, and the differences in length 
of strobila for the 
due to the 


which in this study hav 


species Of worm may be 
Phe 
been shown to in 
of the 

and small hooks 


and small hooks in # 


sam 
method of fixation employed 
hooks, 
with the ag worm, can be 


crease I SIZE 


divided into large The averag 
sizes of both large granu 
losus, reported by Vogel,® are almost identical to 
the measurements found in the worms described 
in this study 

On the basis of the 


logical features of the 


above des ribe (| morpho 


adult worm, the species of 
Echinococcus which is the cause of hydatid disease 
n swine and man in Mississippi can be identified 
is kK 


gran ilos is 


SUMMARY 


and morphologic 
ind adult 


hvdatid worm which is 


Host parasite relationships 


characters of the larval stages have 


been used to identify the 
hvdatid disease 
Attempts wer 


the cause of in both swine and 


man in Mississippi made to infect 


the dog, fox, opossum, raccoon, and domestic cat 


with the adult stage of the hydatid worm prese nt 
in Mississippi and to infect swine and rodents 
with the 


mentally by 


larval stage. Dogs were infected experi 


being fed the larval stage found in 


the liver of naturally infected swine. The adult 
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worms ol known ages were recovered and studi d 
in detail 

the 
hydatid worm present in Mississippi will readily 


Host parasite studies have shown that 


infect dogs in the adult stage, but will not mature 
in the fox, opossum, raccoon, or domestic cat. It 
has also been shown that this worm in the larval 
stage will readily infect swine, thereby producing 
a unilocular hydatid cyst, but will not readily in 
fect rodents. These results indicate the species Of 
hydatid worm studied is Echinococcus granulosus. 

On the basis of the number of proglottids in the 
gravid worm, the number of testes in the 
proglottid, the 


mature 
distribution of the testes in rela 
tion to the genital pore, and the position of the 
genital pore in the mature and gravid proglottids, 
the species of hydatid worm in this study was 
The length of the 
hooks are of limited 
value in the determination of the species of Echi 


identified as FE. granulosus 


strobila and the size of the 
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Infection with the hvdatid worm, Echinococcus 


thought of as a disease found 
North 
\Magath,! Ih SUMMAPrIZINE the CUSCS recorded up 


to 1953. stated that 650 cases of hvdatid disease 


granulosus, Is 


mainly in immigrants to America 


had been reported from Canada and the United 
States, 95% of which immigrants, and 
10 of these infections had 
continental United States 
\laska. In the United 


been diagnosed in natives of 


were iD 
that approximately 
been in natives of the 


exclusive of southern 


States, causes have 


Virginia (4 cases), Arkansas (2 cases), Louisiana 


10) cases " Tenn SScCC and \ississippi 


2 CSCS 


Sawitz? and Swartzwelder*® reviewed 


7 cases 
the cases diagnosed in Louisiana which included 
two lifelong residents of Johnston 


\ississippl 


and ‘Twente deseribed Nn 
hvdatid 
1954, Finek and 


of hydatid disease 


ense of 


pulmonary 


disease in a native of 


Mississippi. In 
Hunninen® reported two cases 
both 


lived in Mississippi; how 


in Tennessee residents, 
of whom had earlier 
ever, it could not be determined where the infec 
grooks et al 


studied and confirmed the 


tions were acquired have recently 
reports of seven cases 
of hydatid disease in native Mississippians. This 
includes the case previously reported by Johnston 
1952, the Finck 


unreported CHSCS 


and Twente* in two 


enses of 


and Hunninen® and fou 


Figure | shows the distribution of 
these 


Re ords ol the 


geographie 
seVell CASCS 

adult stage of Echinococcus in 
the dog are comparatively rare in the continental 
United \laska 


1892 discovered an infected dog in Washington, 


1). ¢ states that B. H 


States Curtice’ in 


exclusive of 


. Sawitz Ransom in 1922 
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United States Public Health Service 
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HUTCHISON 


Jach on Vississippt 


found a dog infected in Georgia, and some of 
the specimens are in the helminthological collec 
tion of Kk. C Kdney stated that he had 


seen two infected dogs in 


Faust 
Murfreesboro, Ten 
Kentucky Franklin 
Ward!® discovered E. granulosus in 2 of 50 dogs 
examined from the vicinity of Clarksdale, Mis 
reported that Franklin had 
infected in Mississippi 


nessee,* and one in and 


sissippi. Beaver! 


found two more dogs 
In 1956 Ward and Bradshaw” examined 65 dogs 
in Mississippi and found £. granulosus in one 
It is probable that this dog came from the vicinity 
\nother infected dog 
been previously 


discovered in 1958 by Dr. J 


of Grenada, Mississippi 
which has not reported, Was 
W. Ward in Jackson, 
Mississippi. Up to the present time 11 dogs have 
been reported as harboring the adult stage of 
United 
States exclusive of Alaska. Of particular interest 
is the fact that six of 
Mississippi 


the hydatid worm in the continental 


these dogs were from 

Surveys of swine to determine the presence of 
hydatid infection have seldom been made. Osler! 
quotes Gross of St. Louis as finding swine com 
monly infected as far back as 1845. Salmon! in 
1901 reported one infected hog out of each 24,000 
examined. He gave no figures for the state of 
Mississippi, but the prevalence for the neighbor 
ing state of Louisiana was placed at from 5 to 20% 


Morris! 
that the prevalence of hydatid disease in 


of the swine being slaughtered believed 
Loui 
He reported the in 


5% of the hogs at the 


siana had decreased in 1927 
fection present in about 
municipal abattoirs in Baton Rouge, Louisiana, 
whereas in earlier vears the prevalence had been 
as 20%. In 1955 and 1956 Ward 


Bradshaw” examined 8,066 hogs slaughtered at 


ais high and 


Jackson, Mississippi, and found that approxi 
mately 4% had hydatid evsts in the liver. These 


animals had been shipped into Jackson from 


Natchez, Port Gibson, Yazoo City and Vicks 


burg, Mississippi 
The present study was designed to provide in 
formation on the distribution and prevalence of 
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Heard, Oct 


Mississippi 
Webb 


Brooks ind 


(Lisenst native 
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in Mississippi swine and 


to determine role of wild carnivores in its dis 
secmination 
MATERIALS 


AND METHODS 


Between 


\pril, 


\lississippi swine brought to the Jackson Pac king 


1957, and March, 1958, native 


Company, Jackson, Mississippi, were examined 


hvdatid disease \ll 


evstic lesions were examined further in the labora 


for organs with suspicious 


torv within 3 hours after 


removal from the ani 


mals. Material from each evst was aspirated with 


Phe 


syringe and expelled 


isvringe and 


fluid 
back into the 


a 21-gauge hypodermic needk 


Was drawn into the 


cystic cavity several times befor 


removed and examined under the mi 


for the 


bn nye 


( rOSCOP 


presence of scolices to confirm a 


(agnosis oO hvdatid disease, Cvstic structures not 
meeting the above 


the 


criterion were excluded from 
tabulations 

\ number of wild carnivorous animals, trapped 
in the Jackson and Natchez, \ississippi, areas by 
the State Fish and Wildlife 


Service, were e) 


IN 


MISSISSIPPI O15 
amined for the presence of adult stages of the 
hvdatid worm. The viscera of the animals were 
1OY 
sa fixative. The viscera were brought 


removed and placed in cans containing 
formalin a 
into the laboratory where the intestine from the 
lof the stomach to the 


‘ ( 


anus was removed and 


cut into short segments. Each segment Was slit 


longitudinally and the contents and 


the 


scrapings 
Irom mucosa were suspended and concen 
trated in sedimentation flasks. Small portions of 
the sediment were poured into large Petri dishes 


for eXamination under a dissecting microscope 
\ll the intestinal contents and mucosal scrapings 


c ¢ camuined 


OBSERVATIONS 


In the present study 3: 
hvdatid 


sented a variety of evstic lesions. Some were due 


3.174 hogs were examined 
Tor 


cysts. The material examined pre 


to bacterial infections, others to neoplasms, ete 
but those found in 306 or 0.9% ot the hogs were 


confirmed hydatid evsts, located in the 


liver, the 


TABLE 1 


Pre tlence of hydatid disease 
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ted animals came from 20 


of 21 different shipping points surveyed within 


the state of Mississippi 


In a small sample of 126 


hogs from the Hattic sburg area no infections wert 


presence ¢ 


) 


Map showing ireus 


! 


Sippr swine 


h 


itid 


infections 


surveved for the 
in native Missis 


discovered, Table 1 gives the number of hogs ex 
amined from each area, the number infected, and 
the percentage with hydatid infection. Figure 2 
shows the locations from which the infected 
animals were shippr d. A gross specimen of a liver 
from a naturally infected hog is shown in Figure 3 

Twenty raccoons (Procyon lotor), 13° bobcats 
Lynx rufus), 9 red foxes (4 ulpes fulva), and 5 
OPOssulis Didelphis rurguniana from endemic 
areas of Natchez and Jackson were examined for 
the adult stage of EF. granulosus. None of these 
animals were found to be infected with this 


parasite 


DISCUSSION 


\ survey of native Mississippi swine from 21 


localities shows that infection with the larval 


stuge of FE. granulosus is widespread in Mississippi 


Only the Hattiesburg area was negative, and it 
scems reasonable to assume that a larger sampk 
from this area as well as from areas not included 
i this survey would reveal hydatid infections in 
swine. The over-all prevale nee of 0.9% represents 
the minimal rate of infection, as only cysts with 
scolices were identified as hydatid cysts. In 
fections may have been overlooked in the case of 
verv small evsts or evsts in obscure anatomical 


locations 


infected with hydatid eysts. This degree of infection is not uncommon 


| Mississippi 
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A survey of wild carnivorous animals from the 
areas of Natchez and Jackson, Missis- 
revealed no adult infections in very small 
samples of four species, including the red fox 
(Vulpes fulva). Rausch'® states that there 
been no records of E. granulosus in the fox in 
North 
fected in Canada where E. granulosus occurs in 
wolves. It seems likely that the infection in swine 
in Mississippi may be due to the large number of 
stray dogs which roam the countryside, but a 
larger survey of wild carnivores would be needed 
to rule out their possible role in the life cycle of 
this parasite. 

More dogs have been found to harbor the adult 
stage of E. granulosus in Mississippi than in other 
states of the continental United States exclusive 
of Alaska. As the six infected ones were among an 
unrecorded number of dogs examined in Missis- 
sippi, the actual rate of infection is unknown. The 
author has examined 50 dogs for the presence of 
E. granulosus and found them to be negative. 
Osler" was the first to note the obvious disparity 
between the number of persons harboring the 
larval stage of E. granulosus in the United States 
and the apparent absence of the adult stage in 
dogs. This point has been emphasized by Magath! 
and others who have been interested in the 
epidemiology of this parasite. Experience with ex- 
perimentally infected dogs shows that the adult 
worm attaches itself deep in the mucosa between 
the villi of the small intestine. When in this po- 
sition, it can be distinguished from the intestinal 
villi only with great difficulty, even in dogs known 
to be infected. It is likely, therefore, that most in- 
fections in dogs go undetected. The examination 
of a larger number of dogs from areas where swine 
have been found infected with the larval stage is 
needed to determine the importance of the dog in 
the epidemiology of hydatid disease in Mis- 
sissippi. 


endemic 
sippl, 


have 


America. Sweatman" found no foxes in- 


SUMMARY 


In Mississippi recorded autochthonous in- 
fections with Echinococcus granulosus have been 
discovered in seven humans and six dogs. This in- 
fection appears to be more common in Mississippi 
than in other parts of the continental United 
States exclusive of Alaska. 

The prevalence of infection with the larval 
stage of E. granulosus in 33,174 native Mississippi 


swine surveyed between April, 1957, and March, 
1958, was 0.9%. In two areas where swine were 
found infected a small sample of red fox, raccoon, 
opossum and bobcat revealed no infections with 
the adult stage of the parasite. 
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INTESTINAL HELMINTHS IN RELATION TO EOSINOPHILIC LUNG 
(TROPICAL EOSINOPHILIA) IN SINGAPORE* 


JOHN F. SCHACHER? anv T. J. DANARAJ 


Departments of Parasitology and Medicine, University of Malaya, Singapore 


The observation that the geographic areas of 
prevalence of eosinophilic lung (tropical eosino- 
philia) and of some of the commoner intestinal 
helminths overlap, together with the observation 
that eosinophilia is a feature common to these 
conditions, has led to the suggestion that eosino- 
philic lung may be causally related to one or 
another of these intestinal helminths. Hyper- 
eosinophilia, however, has been reported in 
association with ankylostomiasis,!:? ascariasis,’ 
and strongyloidiasis* only in rare instances, but 
in eosinophilic lung a massive eosinophilia is a 
constant feature and is essential for the diag- 
nosis. 

Earlier workers have noted eggs of intestinal 
helminths in the stools of varying percentages of 
patients suffering from eosinophilic lung. In 1940 
Frimodt-Méller and Barton,’ basing their 
figures on an analysis of records of 600 patients 
going back to 1925, stated that the stools of 141 
of 175 patients with an “eosinophile lung” 
radiologic picture were examined and ova were 
found in 65 (46.10%). The records of a total of 
509 patients who had eosinophilia of 20% or 
more (including among them the 141 patients 
mentioned above) showed that eggs were found 
in the stools of 60.51%. Ball® stated that careful 
examinations were made of the stools of 93 
patients with tropical eosinophilia and of 250 
surgical patients as controls. Hookworm eggs 
were found in 37% of the tropical eosinophilia 
cases compared with 55% of the controls. The 
percentages of cases showing roundworm, whip- 
worm and Strongyloides infections were too low 
to be of importance. In neither of these reports 
was the percentage of egg-positive stools given in 
relation to the age distribution of the study 
groups. Chaudhuri’ noted that of 167 patients 


* This study was conducted under the sponsor- 
ship of the Commission on Parasitic Diseases, 
Armed Forces Epidemiological Board, and sup- 
ported by the Surgeon General, Department of the 
Army. 

+ Present address: Department of Tropical 
Medicine and Public Health, Tulane University 
School of Medicine, New Orleans, Louisiana. 


about 25% had helminthic infection, but said 
that the proportion of cases showing Ascaris or 
other helminthic infections was not higher than 
the proportion found in hospital patients suffer- 
ing from other diseases. Coutinho® observed that 
coincidental infection with various parasites 
(amebae, Giardia, Schistosoma mansoni, Ancy- 
lostoma, Ascaris, Strongyloides, Trichuris) was a 
frequent finding (55% of cases) in his patients 
suffering from tropical eosinophilia, but did not 
give figures for these infections among the 
general population from which his cases were 
drawn. 

In order to test whether or not an association 
exists between intestinal helminthic infection and 
eosinophilic lung, the stools of 569 male patients 
in the General Hospital, Singapore, were ex- 
amined to see if there were any differences in the 
proportion of positive stools found among three 
study categories of (1) those suffering from 
eosinophilic lung, (2) those with mild eosinophilia, 
and (3) those with no eosinophilia. The results of 
this survey are summarized in the present 
report. 


MATERIALS AND METHODS 


A single stool from each individual included in 
the survey was examined by the Beaver modifica- 
tion’ !° of the zinc-sulphate centrifugal flotation 
method of Faust et al." The analysis is confined 
to the finding of eggs of Ascaris lumbricoides, 
Trichuris trichiura and hookworm and the 
larvae of Strongyloides stercoralis. Occasional 
eggs of Enterobius vermicularis and of Clonorchis 
sinensis were seen, and a single Taenia saginata 
infection was noted, but as the method used was 
not reliable for the detection of these parasites, 
such findings are not commented upon in this 
report. 

The study categories consisted of (1) 311 
persons who were considered to have eosinophilic 
lung on the basis of their clinical presentation 
and adequate response to treatment with diethyl- 
carbamazine, and who exhibited hypereosino- 
philia of 3,000 or more eosinophil cells per emm; 
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TABLE 1 
Distribution of the 569 persons (all male) 
examined, by eosinophilia category and 
ethnic group 





Study category | Indian | Chinese Malay | Total 


Eosinophilic lung 233 . 311 
Mild eosinophilia 65 2 | 112 
No eosinophilia 58 = Em 146 


Total .| 356 | 





569 





(2) 112 persons with mild eosinophilia ranging 
from 500 to under 3,000 cells per cmm. and who 
were not suffering from eosinophilic lung; and 
(3) 146 persons with no eosinophilia, t.e., whose 
blood counts showed less than 500 eosinophils 
per cmm. Persons in the latter two categories 
were receiving hospital care for miscellaneous 
conditions. The study categories, subdivided by 
ethnic group, Indian, Chinese and Malay, are 
shown in Table 1. It has been reported earlier 
that the prevalence of eosinophilic lung is higher 
in Indians than in other ethnic groups in Singa- 
pore.’ 13 


RESULTS AND DISCUSSION 


The percentages of persons in the different 
eosinophilia categories who exhibited eggs of 
Ascaris, hookworm and Trichuris, and larvae of 
Strongyloides in the stools are shown in Table 2. 
The differences in these percentages among the 
eosinophilia categories are not significant for any 
of these worms. 

However, real differences among eosinophilia 
categories may have been masked by dissimilar- 
ities in the composition of the study categories in 
respect to age and ethnic group. Table 3 shows 
that the prevalence of Ascaris and of hookworm 
varies significantly with age for the survey group 
as a whole, though the age differences in preva- 
lence shown for Trichuris and Strongyloides are 
not significant. The prevalence rate for Ascaris 
is higher in the younger age groups, so that a 
study category with relatively more young 
persons in it would tend to have a higher over-all 
prevalence rate for Ascaris than would a study 
category containing relatively fewer young 
persons. Similarly, the prevalence rate for hook- 
worm is highest in the age groups 10 to 19 and 
20 to 29; again, a study category with relatively 
more persons in these age groups would tend to 


617 


TABLE 2 
Percentage with eggs of Ascaris, hookworm and 
Trichuris, and larvae of Strongyloides in stools, 
by eosinophilia category 


Per cent positive 


| 
| 


Study category 


Number examined 
| Ascaris 
Hookworm 
| Trichuris 
Strongyloides 


| 


| 
aye | 
Eosinophilic lung. .| 311 |13.50/41.8061.41) 5.79 
Mild eosinophilia 112 |21.43'44.64.67.86) 3.57 
No eosinophilia | 146 |12.33:36.3060.96, 0.68 


Total 


| 569 /14.76 40.95,62.57| 4.04 
| 





TABLE 3 


Age-specific prevalence of Ascaris, hookworm, 
Trichuris and Strongyloides 





Per cent positive 





| 
| 
Age group | 


a] 
o 
A | 
E 
3S 
- 
o 
ee 
4s 
E 
3 
Zz 


| 
| 
} 


Hookworm 
Trichuris 
Strongyloides 


| Ascaris 


| 
| 


| 30.0 | 
27.5 | 
11.5 
| 12.9 | 
11.8 
12.9 | 


| 
i 
| 
| 


6.9 | 





0-9 years 
10-19 years 
20-29 years 
30-39 years 
40-49 years 
50-59 years 
60 and over 





RaISRRES 
wnwonwowoso 


48.3 | 


> 





| 


ES 
rs) 


14.76, 40.95 62.57) 4.04 





have a higher over-all prevalence rate for hook- 
worm than would a study category with rela- 
tively fewer persons in these age groups. Ethnic 
groups differ in their cultural practices, which in 
turn may affect the prevalence of intestinal 
helminths. Prevalence of Ascaris, Trichuris and 
Strongyloides, but not of hookworm, varied 
significantly among the different ethnic groups, 
being highest in Malays (see Table 4). Therefore, 
a study category which contains relatively more 
Malays would tend to have a higher prevalence 
rate for, say, Ascaris than would a study category 
containing relatively fewer Malays. It is not 
possible to state, however, that the differences 
noted in Table 4 are associated with an ethnic 
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Ethnic 


Ethnic group 


Indian 
Chinese 
Malay 


Total 


TABLE 4 


Number examined 


| Ascaris 


SCHACHER AND DANARAJ 


Per cent positive 


| Hookworm 


Trichuris 


58.71 
66.86 
78.95 


~ CO > 
~ “I bo 
~~ — 
> — dO 





Study category 


Eosinophilic lung 
Mild eosinophilia 
No eosinophilia 


he 
—) 


62.57 


group prevalence of Ascaris, hookworm, 
Trichuris and Strongyloides 


Strongyloides | 


5.06 
0.57 
10.53 


4.04 


group factor, because the ethnic groups studied 
may not have been comparable in age distribu- 
tion. 

By dividing each eosinophilia study category 
into ethnic subgroups, and by applying the over- 
all age-specific prevalence for each worm respec- 
tively (Table 3) to the age distribution within 
each subgroup, an age-adjusted expected preva- 
lence for each subgroup was obtained (Table 5). 
x? tests were then applied to detect the signifi- 
cance, if any, of heterogeneity between (a) 
eosinophilia categories (independent of age and 
ethnic group) and (b) ethnic groups (independent 
of age and eosinophilia category). 

No significant differences were found among 


TABLE 5 


Observed numbers with positive stools and corresponding age-adjusted expected numbers, by eosinophilia 
category and ethnic subgroup for (a) Ascaris (b) hookworm (c) Trichuris and (d) Strongyloides 





Indian 


Ethnic group 





Chinese 








Exp 











5 
| 
9 | 





Eosinophilic lung 
Mild eosinophilia 
No eosinophilia 


49 .43 


25 








(b) Hookworm 





96.29 


28.17 


| 


22.10 


17.27 
31.88 


14 | 
18 | 
33 





146.56 


65 69.83 16.59 





(c) Trichuris 





Eosinophilic lung 
Mild eosinophilia 
No eosinophilia 


Total 


Eosinophilic lung 
Mild eosinophilia 
No eosinophilia 


Total 


140 
38 
31 


23 19.62 
3.10 


1.23 | 


28 
33 
56 


29.95 
26.75 
51.94 





209 


(d) Strongyloides 


9.90 | 
97 | 
2.46 | 


108 .64 23.95 


1 
0 











INTESTINAL HELMINTHS AND 


the eosinophilia categories in respect to preva- 
lence of Ascaris, hookworm and Trichuris, when 
adjustment was made for the effect of age and 
the effect of ethnic group was removed. However, 
the significant differences among ethnic groups 
in respect to prevalence of Ascaris and T'richuris 
noted earlier (see Table 4) were confirmed. The 
age-adjusted expected numbers for Strongyloides 
were too small for the x? tests to be applied. 


SUMMARY 


The above survey based on a study of single 
stool specimens from 569 patients, drawn from a 
hospital population belonging to different ethnic 
groups and having different cultural back- 
grounds, failed to indicate an association be- 
tween intestinal helminth infection and eosino- 
philic lung. The higher prevalence of eosinophilic 
lung in Indians than in the other ethnic groups, 
as reported previously, cannot be explained on a 
basis of differences in the prevalence of the 
intestinal helminths, Ascaris lumbricoides, hook- 
worm, Trichuris trichiura and Strongyloides 
stercoralis. 
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CLINICAL STUDY AND TREATMENT OF ASIATIC CHOLERA IN 1959 


PRAYAT LAKSANAPHUK anp MUNI KEOPLUNG 


Department of Medicine, Chulalongkorn Hospital Medical School, Bangkok, Thailand 


The principal lesion in Asiatic cholera, as 
generally accepted, is in the gastro-intestinal 
tract, especially in the small intestine. Inflam- 
mation of the mucosa, caused by Vibrio comma 
endotoxin, permits large amounts of transudative 
fluid, of high electrolyte and low protein con- 
tent, to pour out into the intestinal lumen. 
The stools have an alkaline reaction, a char- 
acteristic appearance (rice- 
water) and are quite different from other diarrheic 
stools. The severity of the disease depends chiefly 
upon the extent of loss of fluid and electrolytes. 
The important therapeutic objective, 
therefore, is correction of fluid and electrolyte 
loss during the acute phase of the disease. 


odor, color and 


most 


MATERIALS AND METHODS 


In this series 161 cases of cholera, mostly 
bacteriologically confirmed and all clinically 
typical, with severe diarrhea, with or without 
shock, and with marked dehydration and rice- 
water stools, etc., were studied. Total cholera 
admissions were 355 patients. All were admitted 
to the cholera isolation ward in Chulalongkorn 
Hospital during the second epidemic wave in 
February and March, 1959. Most of the patients 
lived in Bangkok and Dhonburi or nearby 
suburbs, and were admitted to the hospital 1 
to 96 hours after onset, 67% within 10 hours. 
Some of these patients showed signs of severe 
dehydration and shock on admission. 

Fluid intake and output were recorded as 
soon as the patients were in the ward, and were 
measured as accurately as possible every 6 hours. 
The beds were designed so that there was an 
opening about 6 xX 6 inches under the buttock 
area. Graduated about 
5-gallon capacity were placed under the openings 


metal containers of 
to collect the stools. Urine was separately col- 
lected. Before treatment was started, 20 ml of 
venous blood was drawn for studies of hematocrit 
(Het) data (Wintrobe tube), whole blood and 
(WBSG, WPSG),! 
serum bicarbonate? serum sodium, serum po- 
tassium (standard flame photometry), blood 


plasma specific gravities 


chloride (Meyer method), blood N.P.N. (Folin- 
Wu method), and blood sugar (Folin-Wu 
method). Blood calcium was estimated in some 
cases. These tests were performed daily until 
symptoms and signs subsided. Daily rectal 
swabs for bacterial cultures were also prepared 
in every case until three negative cultures were 
obtained on each patient. 

The patients were arranged into three groups: 
two for studying the effect of chloramphenicol 
(Paraxin) and of phthalylsulfathiazole (Thala- 
zole) in comparison with the third, control, 
group. Intravenous glucose-tolerance tests were 
made and the effects of fluid and electrolytes 
on cramps were studied in small groups. 

In cases of renal complication, the fluid and 
electrolyte balance was closely studied during 
anuric and diuretic phases. 

Ages of patients ranged from 16 to 90 years; 
87 (54.1%) were male, 74 female. According 
to the epidemiologic report of Siddhichai and 
Grayston’ and to the 1959 reports made to the 
Ministry of Public Health of Thailand by the 
Joint Thai-United States Army Medical Services 
Team on Cholera, nationality, age and sex 
were not significantly related to incidence. 

There were five fatal cases, the mortality 
rate being 3.11%. None died in the acute phase. 
Autopsy was done in all fatal cases. 


OBSERVATIONS AND DATA OBTAINED 


Cultures and chemotherapy. Of the 161 cases 
cultured, 134 (83.9%) yielded positive results. 
It is worth emphasizing that this high percentage 
of positive results was due in great part to re- 
peated rectal swabs, the swabs being put promptly 
into enriched peptone broth, and the cultures 
being made as soon thereafter as_possibie.* 

As regards chemotherapy, total daily oral 
dosages of 3 grams of phthalylsulfathiazole and 
of 2 grams of chloramphenicol were given at 
6-hour intervals to groups 1 and 2, respectively. 
The control group received no chemotherapy. 
Kaolin suspension was given to all patients 
routinely, partly for psychological effect, es- 


620 











ASIATIC CHOLERA 


pecially in the control group. No belladonna 
nor other drugs were administered. 

No food was allowed in the first 24 hours ex- 
cept some water. Rice water, milk, and soft, 
bland diets were introduced on the 2nd day. While 
neither phthalylsulfathiazole nor chloramphenicol 
appeared to be effective from the clinical stand- 
point, the duration of positiveness of stool 
cultures in the group of chloramphenicol-treated 
patients seemed to be shorter than in the other 
groups. Huang‘ found that sulfaguanidine could 
decrease the positive-stool-culture period to a 
minimum of 8 hours and the mortality rate to 
5%. Gauld et al.* and Bhatnagar et al.* reported 
on the considerable effects of chloramphenicol 
and sulfa derivatives in the treatment of cholera 
in animal experiments. Seal et al.’ stated that 
tetracycline was therapeutically less effective 
in cholera than was sulfaguanidine but that it 
definitely reduced the stool-positive period. 

These observations on chemotherapy should 
be useful to public health workers in reducing 
the frequency and duration of the carrier state. 

Gastro-intestinal irritation. Mild or moderate 
vomiting was observed in 91 (56.5%) of the 161 
patients, though nausea not common. 
This might be due to the restriction of the lesions 
to the small bowel and/or to the slow fermenta- 
tion rate and alkaline reaction of the intestinal 
contents. Although they had extreme degrees 


was 


of bowel activity most of the patients passed 
no flatus. 

Cramps. Cramps were usually observed in 
severely dehydrated patients. In 51 patients 
(69.9%) cramps occurred only in the calves; in 
the forearms in 13 patients (17.8%) and in 
abdominal patients (12.3%). 
Cramps usually attacked the distal parts of the 
extremities bilaterally and the abdominal muscles, 
and were not related to the severity of shock. 

Studies of cramps showed that fluid loss is 


muscles in 9 


not the sole cause. Probably loss of sodium and 
of small amounts of calcium are important 
factors. The loss of body fluid, Nat, Cl-, and 
increase in extracellular K+, and/or imbalance 
of some other water-soluble substances, increasing 
myoneural-junction irritability, may «ause the 
muscular cramps.* 

Glucose, fluid and electrolyte therapy. Roger® 
in 1911 suggested that hypertonic saline (1.35%) 
solution was suitable for initial fluid and electro- 
lyte supplementation, on the basis that more 


621 


salt was lost than fluid. Hypertonic saline was 
thought also to help maintain body-fluid levels. 
As a result of detailed studies of fluid and elec- 
trolyte balance in cholera in 1958" replacement 
of fluid loss with normal saline solution has been 
recommended for initial rehydration. Electrolyte- 
free glucose solution was indicated to be probably 
harmful. The consensus appears to be that 
rapid rehydration and maintenance of fluid and 
electrolyte balance by appropriate means 
throughout the course of the disease can reduce 
mortality rates and ischemic renal complications 
to the lowest point without the use of antibiotics 
or other drugs.'-” 

In the series of cases under discussion treatment 
was directed toward prompt rehydration, ini- 
tially only with normal saline solution, until 
clinical symptoms and signs showed improve- 
ment, and Hct, WBSG and WPSG returned 
to normal values. In severely dehydrated pa- 
tients, with or without shock, the fluid was 
infused rapidly, about 1 liter in 13 minutes, 
with gravitational feed and a No. 18 needle or 
large tubing. Later, the infused fluids were 
modified according to laboratory data on fluid 
and electrolyte loss during the preceding 6 to 
24 hours. 

Two per cent sodium bicarbonate solution 
or M /6 sodium lactate solution was recommended 
to correct acidosis. 

About 2 to 3 liters of 10% glucose in water 
was given intravenously to combat muscular 
cramps in 3 patients but no clinical improvement 
was observed. Four patients temporarily im- 
proved after intravenous injection of 20 ml of 
10% calcium gluconate, but cramps recurred in 
15 minutes. Cramps were completely cured only 
by 1 to 1.5 liters of normal saline solution in 3 
cases and 500 ml of 5% saline solution in 3 other 
cases. 
who had and moderate 
ischemic renal complications, special fluid and 
electrolyte balance treatments were carried out 
by giving 20% to 50% glucose solution via 
gastric tube or caval infusion.’"* The volumes of 
fluids for caval infusion were limited to those 
lost imperceptibly, 1L/24 hours, plus the amount 
of perceptible losses in the last 6 to 24 hours. 
The continuously dripped. 
Endogenous protein breakdown was then reduced 
to the lowest level compatible with safe levels 
of N.P.N. and serum K*. 


For those severe 


infusions were 
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Infusion of plasma was not recommended in 
the acute phase because only small amounts of 
plasma are lost in the stools in cholera.“ 

Shock. There were 103 patients (64%) without 
shock [blood pressure (BP) above 100 systolic] 
and 58 (36%) with shock (BP 0-100). Of the 
patients with shock, 27 were male, 31 female. 
Fur had secondary shock after Hct tests. WBSG 
was brought back to normal after initial rehydra- 
tion. The cause of shock was not apparent. 

As mentioned previously, most of the patients 
had been able to enter the hospital early but 
actually 36% were in shock on admission. Some 
other patients had marked dehydration as indi- 
cated by Hct and clinical signs and symptoms. 
After fluid and electrolytes had been restored 
to their normal levels, 4 patients had question- 
able secondary shock associated with acidosis. 

Hematology. Initial Hct readings were between 
60% and 70%; WBSG between 1.060 and 1.077. 
WPSG was studied in only a few cases. Other 
hematological findings are shown in Tables 1 
and 2. For comparison parallel data on 68 non- 
cholera patients, and normal ranges, are shown 
in Table 3. 
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The initial data on blood electrolytes, Hct, and 
WBSG were somewhat elevated because of 
hemoconcentration.- 415 The highest Het 
reading was 70%; WBSG, 1.077. They gradually 
declined, if no correction was attempted, owing 
to loss of large amounts of electrolytes in the 
stools (see below).% " 

In cases with renal complication blood N.P.N. 
ran still higher, with decreasing levels of HCO;- 
and was proportional to the severity of the 
disease," 12, 16-18 

According to Banerjee et al.’® the fasting blood- 
sugar level in cholera might be normal or only 
slightly elevated. In cases with high blood-sugar 
levels, epinephrin from the stressed adrenal 
glands glycogenolysis. According to 
De et al.'® severe cases might have slight hypo- 
glycemia due to shock. 

In the 3 cases studied by us normal fasting 
blood-sugar levels and curves were found (Fig- 
ure 1). 

Stool electrolytes. Stool electrolytes were 
studied in 9 severe and 6 mild cases. The resulting 
data are shown in Tables 4 and 5. 

The largest volume of stools passed by any 


causes 


TABLE 1 


Fluid intake* and output* and hematological data* on 54 patients with severe cholera (above 3 liters of 


Fluid output 


HCO; | 
mEq/L 


Total fluid 
intake (ml) 


¥ N.P.N. 
Total ” 
(ml) 


Stools 
| (ml) 


Ist 24 hr 
Mean 65450 
8rd day 
Mean 3390 | 


5570 38 


3370 3590 51 


* Means. 


cl- 
mEq/L | 


113.2 | 


110.7 


stools excreted in first 24 hours) 


Na* 


Kr 
mEq/L | mEq/L 


139.4 


| 132.4 . 9.2 44 | 1.056 | 1.028 


TABLE 2 
Fluid intake* and output* and hematological data* on 47 patients with mild cholera (under 8 liters of 


Fluid output 
HCO; 


Total fluid 
i mEq/L 


intake (ml) Stools 


Total 
(ml) (ml) 
Ist 24 hr 
Mean 2940 
8rd day 
Mean 


1020 


1730 400 


cl- 


stools excreted in first 24 hours) 


Na* 


| mEq/L | mEq/L 





* Means. 
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TABLE 3 
Fluid intake* and output* and hematological data* on 68 noncholera patients 


Fluid output 
Total fluid — 


intake (mi) Stools Total 
(ml) (ml) 


N.P.N. 


mg% mEq/L 


Ist 24 hr | 
Mean 1950 875 
Convalescent | 


Mean _— 650 | 0 


Normal ranges 25 | 99 
108 


* Means. 


MG % 
BLOOL 
SUGAR 


all 








Fic. 1. Glucose tolerance curves obtained on 
three cholera patients, one of whom (no. 1) was 
given intravenous dextrose infusion. 


of our patients during the first 24 hours was 16 
liters, containing: Nat, 104.4 m Eq/L; Kt, 
20.17; and HCO;-, 33.5; a tremendous loss of 
fluid and electrolytes in so short a time. This is 
comparable with the observations of Watten 
et al.!° which were made in this hospital in 1958. 
Watten et al. suggested replacing about 16 
m Eq/L of K+ and 14 m Eq/L of HCO,- for 
every liter of fluid lost. In mild cases, the im- 
balance generally subsided spontaneously. 

Complications. Of the cases with complica- 
48 were Moderate 
acidosis was seen in 33 (20.5%) and ischemic 
renal insufficiency in 18 (11.2%). 

Acute cholecystitis with calculus was observed 


tions, classed as severe. 


HCO;- cr 
mEq/L 


109.1 


105 


————— 
| 

Na* _. I 

mEq/L 


Ca** Het 


mEq/L | mg% o | WBSG 


138.9 


1.053 | 1.028 
| 1.050 | 1.025 


i 
| 





TABLE 4 
Fecal volumes and electrolyte concentrations 
in cholera patients excreting over $3 liters of 
feces per 24 hours (severe cases) 





Total fecal 7 
: Na* = 
volume in 24 | ‘ | 
ours (ml) | mEq/L | 


HCO;- 
mEq/L | mEq/L 
6000 131.9 | | 23 
6000 134.0 | 30 
28 
8000 0 | 33 
| 28.8 ante 
22.6 | 35 
21.0 36 
17.1 42 
20.5 41 


Patient no. 





3500 
7000 
13500 
6000 








Means 20.17 33.5 





in one fatal case with renal complications. The 
diagnosis was confirmed at autopsy. 

Five abortions occurred among 9 pregnant 
patients. The mechanism of these abortions is 
still obscure. 

One hundred (62%) of the 161 patients studied 
had been vaccinated. 

Uremia and the most serious 
complications in severe and fatal cases and 
occur as a direct result of prolonged shock and 
hemoconcentration due to massive loss of body 
fluid during the acute phase. In the past they 
have very often been reported as renal failure.!*!8 
Uremia and acidosis were recently stated to be 
typical pathologic features of acute tubular 
necrosis from renal ischemia of the same eti- 
ologies, with nephropathy due to acute loss of 
large amounts of K* in the stools." 


acidosis are 
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TABLE 5 
Fecal volumes and electrolyte concentrations in 
cholera patients excreting under 8 liters of feces 
per 24 hours (mild cases) 


Total fecal 
volume in 24 
hours (ml) 


Na* | Kt 


Patient no. | mEq/L 


mEq/L 
600 121. — 16 
1500 17.3 — 5 
500 54. — 2 

2000 133.0 | 23.0 16 

1000 125. 35.7 | 35 
350 24.§ 7 


992 





79.47) 25.8 


14.8 


Means 


The most common complication was acidosis 
of varying degrees. In most cases it was mild 
and subsided spontaneously after replacement 
of lost fluid with 0.85% NaCl solution. Severe 
acidosis was usually associated with renal in- 
sufficiency and was checked by NaHCO ; or 
M/6 sodium lactate. Mild or transient forms of 
renal insufficiency showed spontaneous diuresis 
within 4 to 7 days.” All fatal cases had severe 
renal insufficiency.* 

Fatalities in cholera due to renal failure with 


uremia and acidosis have been reported pre- 


viously.!*"8 These conditions have been shown 
to be typical features of acute tubular necrosis 
after prolonged shock or hemoconcentration 
and nephropathy following the appearance of 
large amounts of K+ in the diarrheic stools." 
In our series of cases renal insufficiency occurred, 
for unknown reasons, mostly in males as pre- 
viously stated elsewhere." 17: 18 

With regard to jaundice, Mallik et al.™ con- 
troverted the that it is of obstructive 
and hepatocellular origin and explained the fate 


view 
of bile pigment in cholera. De et al.*": * reported 
cholera cases with hemoglobinuria and jaundice 
due to intravascular hemolysis caused by bac- 
terial toxins. In 1954 they reported the bene- 
ficial effect of oxytetracycline in prevention of 
intravascular hemolysis. 


SUMMARY 


In this study 161 cholera patients were 


promptly rehydrated with normal saline solution 


* One female patient, 85 years old, died from 
traumatic cerebral hemorrhage. She had a re- 
liable history of fainting and had fallen on the 
floor 2 days prior to her admission. 


alone. The mortality rate was 3.11%. Normal 
saline solution seemed most suitable for initial 
rehydration, but sodium bicarbonate and KCl 
solutions are recommended for intravenous or 
oral substitution after initial rehydration in 
severe cases. Prompt correction of loss of fluid 
and electrolytes is necessary to save the patients. 
Chemotherapy with phthalylsulfathiazole and 
chloramphenicol proved of little value clinically 
but appeared to limit frequency and duration of 
the carrier state. 

On the basis of the data presented in this paper 
it seems reasonable to suppose that the decrease 
in mortality rate from 8.2% in Bangkok and 
Dhonburi in 1958 to 5.2% in 1959 and 3.11% 
in this series was due largely to the effectiveness 
of the prompt treatment described here. Mor- 
tality may also have been held in check in part 
by immunization of many persons, good socio- 
economic and sanitary conditions and hospital 
facilities. 
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Previous studies’: * have shown that pathogenic 
Escherichia coli was an important cause of diar- 
rhea in newborn infants in Djakarta. The most 
important serotype was 0111:B4:H2 which was 
endemic and caused many deaths, especially 
among premature infants. Non-motile 086:B7 
was the cause ofa severe epidemic lasting for more 
than 4 months. Other serotypes were found to 
occur in small epidemics or in isolated cases. 

It was suggested* that infections with sero- 
types 0111:B4:H2 and non-motile 055:B5 also 
occurred outside the hospital, probably at home. 
This survey was undertaken to determine the im- 
portance of these home infections and the sero- 
types causing them. 


MATERIALS AND METHODS 


Methods of investigation have been described 
in previous papers.” 3 


The feces were collected in vials. No preserva- 
tives were used. They were examined immediately 
after being received in the laboratory. It was, 
however, not alwz.ys possible to obtain fresh 
stools. Moreover, stools were sometimes obtained 


from patients who had received antibiotic 
therapy. Because of a shortage of personnel only a 
limited number of fecal specimens could be ex- 
amined daily. 

The following Difco media were used to isolate 
the pathogenic intestinal bacteria: Endo agar, 
SS agar, desoxycholate citrate agar, and a bis- 
muth sulfite agar. In addition, a modified Drigal- 
sky agar was used. No enrichment media were 
used. The feces were suspended in saline before 
being cultured on the media. The mucous parts 
were selected from diarrheic feces. 

Suspected Shigella and Salmonella colonies were 
picked and planted on triple sugar iron agar, 
peptone water and semi-solid agar and incubated 
at 37°C overnight. Cultures showing a character- 
istic Salmonella or Shigella growth in these media 
were further examined serologically with the slide 
agglutination test. Polyvalent Salmonella A-E 
antiserum was used in the case of suspected 


Salmonella strains, whereas Shigella polyvalent B 
and C and monovalent Shiga, Schmitz and Sonnet 
antisera were used in the case of suspected 
Shigella strains. Positive agglutinations obtained 
with the polyvalent antisera were followed by a 
further typing with the respective monovalent 
type antisera. Each Salmonella or Shigella strain 
which was typed in the slide agglutination test 
was further tested biochemically on the basis of 
decomposition of urea in a fluid urea medium, 
growth on Simmon’s citrate and glucose agar, and 
fermentation of other carbohydrates and alcohols. 
The methods of isolation and identification of 
E. coli as well as the methods of preparing antisera 
and antigens are too elaborate and complicated 
to be described in this paper. They will be pub- 
lished in detail separately. Only the generai out- 
line of isolation and identification is given here: 
Eight different Z. coli colonies growing on the 
modified Drigalsky and Endo agar media were 
agglutinated on the slide in three polyvalent Z. 
coli OK antisera. Polyvalent antiserum 1 con- 
sisted of the components of 3 antisera: 0111:B4, 
055:B5 and “Komala”’ (Komala is a coli strain 
with L surface antigen; it is often found in diar- 
rheic stools of infants in Djakarta; its O antigen 
is not yet determined). Polyvalent antiserum 2 
consisted of the components of 4 antisera: 
026:B6, O86:B7, 0142:K86(B) and “C 669” 
(C 669 is a coli strain with L surface antigen; it 
has been found repeatedly in infants with diar- 
rhea in Djakarta; its O antigen is not yet deter- 
mined). Polyvalent antiserum 3 consisted of the 
components of 6 antisera: 0114:K..(B), 0119: 
B14, 0125:B15, 0126:B16, 0127:B8, and 0128: 
B12. Strains giving a strong reaction in one of the 
polyvalent antisera were further typed in the 
slide agglutination test against the specific com- 
ponent antisera. A positive agglutination in one 
of these type sera was followed by the tube ag- 
glutination test with heated broth cultures and by 
a biochemical test for E. coli in urea, Voges- 
Proskauer, Simmon’s citrate, ferri-citrate agar 
and KCN peptone media. Motile strains were 
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further typed against available coli H antisera 
(18 H test sera). By preparing their H antisera 
new H types were identified with standard Z£. coli 
H antigens (H1—H40). The fermentation type of 
each type strain was determined with 15 carbo- 
hydrates and alcohols. Strains showing a deviat- 
ing serological behavior and an inability to de- 
plete all antibodies from corresponding OK 
antisera were further examined by the stained 
capsular reaction test.‘:* Identification of non- 
capsulated strains was made by preparing OK and 
O antisera of the strains under investigation and 
by examining these sera for the presence of cap- 
sular antibodies, using the capsulated sero- 
logically corresponding strains.*-® 

Three groups of infants and children were ex- 
amined: 

The first group consisted of 915 severely ill pa- 
tients who were examined during the period of 
February, 1957, to February, 1959, and who were 
admitted to the Pediatric Department of the 
Central General Hospital for diarrhea not due to 
amebiasis. No patients with mild or moderately 
severe diseases were admitted because of shortage 
of beds. Patients were placed in the diarrhea 
section where cross infections among patients 
were likely to occur because of overcrowding and 
shortage of nursing personnel. Usually one fecal 
specimen was examined from each patient. 

The second group was composed of 140 pa- 
tients examined during the period of August, 
1958, to January, 1959, and treated as outpatients 
in the polyclinic of the Pediatric Department for 
mild or moderately severe diarrhea not due to 
amebiasis. Only one fecal specimen was examined 
from each patient. 

In the third group were 50 healthy infants ex- 
amined at the infant welfare center of the Pedi- 
atric Department during the period of June, 1958, 
to January, 1959. Only one fecal specimen was 
cultured from each patient. 


RESULTS 
Hospital Patients 


Pathogenic bacteria were isolated from 303 of 
the 915 hospital patients. Pathogenic Z. coli was 
found in 235 patients, Shigella in 56 patients, 
double infection of Shigella and pathogenic EL. coli 
in 11 patients, and Salmonella typhi in 1 patient. 

Of the 557 boys in this group 141 had patho- 
genic E. coli, 34 had Shigella, 5 both Shigella and 
pathogenic Z. coli, and 1 S. typhi. Of the 358 
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girls 94 had pathogenic EZ. coli, 22 had Shigella, 
and 6 had both organisms. The incidence of 
pathogenic EZ. coli and Shigella arranged ac- 
cording to age of the patient is shown in Table 1. 
The typhoid patient is not included in this table. 
Pathogenic EZ. colt was found mainly in premature 
infants and in the youngest age group, whereas 
Shigella was found most frequently in the age 
group of 1 to 2 years. 

Not all positive cases could be considered as 
representing infections acquired outside the hos- 
pital. Nosocomial infections could well have oc- 
curred in two groups of patients: first, in all 
infants from whom pathogenic £. coli and Shigella 
were isolated after 2 or more days following 
admission. Cross infections from neighboring 
patients could have taken place within this 
period. It has been shown? that infection with 
one serotype of £. coli did not provide immunity 
to reinfection with another serotype. Therefore, 
isolation of bacteria after 2 or more days follow- 
ing admission might represent a secondary 
infection. 

The other group would be all infants who had 
been in a hospital within 1 month before onset of 
diarrhea. To this group would belong premature 
infants who had been in a hospital, babies of the 
youngest age group who were born in a maternity 
clinic and all other babies and children who had 
been in a hospital for any reason within 1 month 
prior to onset of diarrhea. The period of 1 month 
was arbitrarily taken to sift out as many 
nosocomial infections as possible. 


TABLE 1 


Organisms isolated from patients admitted to the 
Pediatric Department for treatment of diarrhea* 





Total 
Total diarrhea 
isolations 


| 

| Patho- | 

. enic 

| Shi- | coli 
sella | and 


| | Shigella 
aaees SEE BERR eRe 
Premature | 
infants. . 
0-3 mos. 
3-6 mos. 
6-12 mos. 
1-2 yrs 
2-5 yrs. 


| 
| 
| 


22 (61%)| 36 
1134 (51%)| 261 
47 (29%)| 160 
| 54 (24%)| 225 
32 (21%)| 152 
13 (16%); 80 





Total 235 | 56) 11 
* One case of S. typhi infection not included in 
the table. 





| | 


302 914 
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There was a total of 103 patients in these two 
groups. It can be assumed that all or most of the 
200 remaining patients had acquired the disease 
outside the hospital, probably at home, since 
these children did not come from infant nurseries 
or from institutions. These home infections are 
shown in Table 2 arranged according to age of 
the patient. The typhoid patient is not included 
in this table. 

Serotypes of E. coli isolated from the group 
representing home infections. All organisms ex- 
amined fulfilled the biochemical definition of 
E. coli. 

0111:B4 was isolated from 33 patients. 
Twenty-eight strains had H2 antigen, showing 
the same fermentation pattern as the strains 
reported previously.2 Three strains had H27 
antigen, one strain had H4 antigen and one was 
non-motile. 

0126:B16 was isolated from 34 patients. In 
31 strains H2 antigen was found. These strains 
were identical to the type described by Charter 
and Taylor*® in 1952 in England. The H antigen 
could not be determined in three strains. 

0142: K86(B) was obtained from 29 patients. 
All strains had H6 antigen with the exception of 
one strain which was non-motile but showed the 
same fermentation pattern as the motile strains. 
This is a new type reported thus far only from 
Indonesia.® 

0127:B8 was found in 21 patients. There were 
12 non-motile strains which were identical with 
the type found in the United States.’ Eight 
strains had H6 antigen and five of these were 
anaerogenic. The H antigen could not be identi- 
fied in one strain. 


TABLE 2 
Pathogenic E. coli and Shigella infections, probably 
representing home infections, in patients admitted 
to the Pediatric Department 





Patho- 


Patho- “p> | genic 
Shi- : 
E 


Age genic t. coli 
E. coli and 
Shigella | 


Premature infants 
0-3 mos. 

3-6 mos. 

6-12 mos. 

1-2 yrs. 

2-5 yrs. 


Total. 
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055:B5 was cultured from 11 patients. Ten 
strains were non-motile showing the same fer- 
mentation pattern as previously* described. One 
strain had an unidentified H antigen. 

0125a:B15 was isolated from seven patients, 
all strains having H2lac antigen. The test strain 
for E. coli H21 had H21ab antigen. 

0119:B14 was obtained from seven patients. 
Five strains had H6 antigen. They were identical 
with the type described by Smith" in 1953. One 
strain had H11 and one strain had an unidentified 
H antigen and fermented rhamnose. 

0114:B.. was isolated from seven patients; 
all strains had an unidentified H antigen. 

086:B7 was found in five patients; all strains 
were identical to the non-motile strains described 
previously.” 

0128:B12 was obtained from three patients. 
Two strains were non-motile and one had H12 
antigen. The non-motile strains were different 
from the Cigleris strain in that they failed to 
ferment sucrose. 

Serotypes of Shigella. S. sonnei was isolated 
from nine patients; S. flerneri type 1 from nine 
patients; S. flerneri type 2 from 25 patients; S. 
flexneri type 3 from nine patients; S. flexneri 
type 5 from four patients and S. flerneri type 6 
from one patient. 

Double infections. Infections with two serotypes 
of Z. colt were found in six patients and infec- 
tions with pathogenic EZ. coli and Shigella in 10 
patients, one of whom had one serotype of E. coli 
and two serotypes of Shigella. The serotypes 
isolated in these cases are shown in Table 3. 

The group of 103 patients in whom nosocomial 
infections could not be reasonably excluded 
showed in general the same serotypes of E. coli 
and Shigella. In addition one strain of O111: 
B4:H21 was found. There was a difference in 
incidence of certain serotypes of Z. coli between 
the group of home infections and that of 
nosocomial infections. In the latter group there 
was a relatively high incidence of serotypes 
0111:B4:H2 (26 cases) and non-motile 086:B7 
(8 cases) and a relatively low incidence of type 
0126:B16:H2 (8 cases). 


Polyclinic Patients 


Pathogenic bacteria were isolated from 23 of 
140 polyclinic patients. There were 19 patients 
with pathogenic £. coli, three with Shigella and 
one with both organisms. No Salmonella were 
isolated. 
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TABLE 3 


Double infections probably representing home 
infections 


Serotypes isolated 


| Olll 


O111 
Olll 


:B4:H2 + non-motile 055: B5. 
>B4:H2 + 0142: K86(B):H6. 
:B4:H27 + O119:B14:H6. 
0111:B4:H2 + non-motile 0127:B8. 
0111: B4:H27 + O0126:B16:H2. 
| 0142: K86(B):H6 + O127:B8:H6. 
3. sonnet + 0142: K86(B):H6. 
}. sonnei + non-motile 0128:B12. 
3. sonnei + non-motile 0127:B8. 
3. sonnet + 0O126:B16:H2. 
}. flexneri type 1 + S. flexneri type 2 + 
0111: B4:H2. 
3. flexneri type 1 + 0142: K86(B):H6. 
| S. flerneri type 2 + non-motile 055: B5. 
S. flerneri type 2 + 0114:B?:H? 
S. flerneri type 2 + O111:B4:H2. 
S. flexneri type 3 + non-motile 0127: B8. 


TABLE 4 
Organisms isolated from polyclinic patients 
mild or moderately severe diarrhea 


with 


| Patho- | 
genic 
E. coli 

} and 
Shigella 


Patho- 
genic 
E. coli 


Total 
isola- 
tions 


Total 
diarrhea 


Age gella 


0-3 mos. 
3-6 mos. 
6-12 mos. 
1-2 yrs. 
2-5 yrs. 


10 10 








Total 


Of 80 boys 13 had pathogenic Z. coli and three 
had Shigella infections. Of 60 girls seven had 
pathogenic Z. coli and one a double infection 
with 0125:B15:H2lac and S. flexneri type 1. 

The incidence by age is shown in Table 4. 

Nosocomial infection was suspected in one 
patient, a 1.5-month-old boy who was born in 
a maternity clinic and who harbored 0127: 
B8:H6. It is probable that in the remaining 22 
patients infection was acquired at home. 

Serotypes of E. coli occurring in polyclinic 
patients. All organisms examined fulfilled the 
biochemical definition of EF. coli.” 

O111:B4:H2 was found in five patients. 
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O86:B7 was obtained from three patients. 
Two strains were non-motile and identical with 
the strains described previously,? and one strain 
was motile showing a similar fermentation pattern 
to 086:B7:H34. 

0126:B16 was isolated from five patients. 
Two strains had H2 antigen identical with the 
type described by Charter and Taylor*® and three 
had an unidentified H antigen. 

0142:K86(B):H6 was found in two patients. 

0125:B15:H2lac, non-motile O55:B5 and 
non-motile 0127:B8 were each found in one 
patient. 

Serotypes of Shigella occurring in polyclinic 
patients. The following Shigella were isolated: 
S. sonnei twice, S. flerneri type 1 and type 2 
once each. 


Healthy Babies 


All of the 50 healthy babies examined were 
less than 6 months old. All were negative except 
one boy of 1.5 months who was excreting 0114. 
The H antigen of this strain could not be deter- 
mined with the sera available. These healthy 
babies were of the same socio-economic level and 
came from the same kampong areas as the pa- 
tients described above. 


DISCUSSION 


Most of the patients examined in this survey 
eame from the low socio-economic class in 
Djakarta; a few belonged to the middle socio- 
economic class. Most lived in the kampongs of 
Djakarta, living quarters consisting of small wood 
or bamboo houses which are often built close 
together along narrow paths and back streets. 
There is no adequate water supply in these areas 
and owing to lack of sanitary conveniences people 
often defecate on the ground, in ditches, drains, 
rivers or canals. Not infrequently they defecate, 
bathe their bodies and wash their food and 
clothes in the same stream. Refuse disposal is 
inadequate and flies are numerous. Fecal con- 
tamination in these crowded areas is consequently 
intense and diarrhea among infants and children 
has always been an important disease, probably 
the most important one. 

It was assumed that Shigella would be the main 
cause of diarrhea. However, this survey shows 
that among infants pathogenic EZ. coli is more 
important. The occurrence of pathogenic £. coli 
is particularly frequent among newborn and 
young infants. The older the babies are, the less 





630 LIE 


frequently this organism is found. Above the 
age of 1 year it is rare and above the age of 2 
years it is very seldom found. 

E. coli infection is not restricted to one or 
two kampong areas in Djakarta. Patients with 
suspected home infections were more or less 
evenly distributed throughout the kampong 
areas of the city. There seemed to be no epidemi- 
ological links among the cases found. Moreover, 
pathogenic £. coli infections were found through- 
out the whole period of study. There seemed to 
be no marked seasonal changes in incidence, but 
small seasonal fluctuations would, naturally, not 
be detected in this survey. 

The actual incidence of pathogenic EF. coli 
among infants in Djakarta is not known. It is 
probably high, since diarrhea occurs extremely 
frequently in that group. Dinger et al.” studied 
3,633 infants and children in one area of Djakarta 
and found 561 cases of diarrhea between August, 
1937, and December, 1939. The actual incidence 
was undoubtedly somewhat higher since not all 
sxases could be detected, although they tried to 
trace all sick infants and children by house to 
house visits. 

Pathogenic £. coli infection is not restricted to 
those who are living in the kampongs of Djakarta. 
It is also found, though with a lower frequency, 
among infants belonging to the high socio- 
economic level and living in the better areas of 
the city where an adequate water supply and 
sanitary conveniences are available. Pathogenic 
E. coli has often been isolated from diarrheic 
infants of well-to-do families. The serotypes 
isolated from these infants are the same as those 
isolated from infants living in the kampongs. This 
is not surprising since the kampongs are often 
situated alongside the better areas or are often 
surrounded by streets with better houses. Prob- 
ably no area in Djakarta is free from pathogenic 
E. coli. The disease is endemic throughout the 
whole city, with the highest incidence among 
infants of the low socio-economic class. It is 
possible that the disease is found throughout 
Indonesia since diarrhea among infants is 
common throughout the entire country, both 
in rural and in urban areas. 

Shigellosis is also endemic in Indonesia. From 
previous studies: * it is known to occur particu- 
larly frequently in children. As in infection with 
pathogenic LZ. coli, shigellosis is found not only 
among those living in the kampongs of Djakarta, 
but also, although with a lower frequency, in 
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well-to-do families. In contrast to infection with 
pathogenic E. coli, shigellosis is rare among 
newborn and young infants in Djakarta. It is 
found most frequently in those between the ages 
of 1 and 2 years; in higher age groups the inci- 
dence declines again to a relatively low level." 
Our present results are in agreement with these 
previous studies. 

Salmonella infection as a cause of diarrhea 
among infants is probably rare in Indonesia. 
The most frequent Salmonella infections in 
Indonesia are caused by S. typhi and S. para- 
typhi A.“ Both are endemic in Djakarta. They 
are, however, very rare in infants but increase 
in frequency with the increasing age of ‘the 
children. 

Amebiasis is also endemic in Djakarta. 
Naturally, its incidence is higher in the kampong 
areas than in the better living quarters. Previous 
work shows that amebiasis is very rare among 
infants below the age of 1 year. This infection 
increases in frequency with age and its highest 
incidence is found in the age group of 2 to 5 
years; in older children it declines again to a 
relatively low incidence.” 

There are, apparently, striking differences in 
age distribution among the four important causes 
of diarrhea in infants and children in Djakarta. 
What factors cause these differences is not known. 

Pathogenic EF. coli was isolated from 27% of 
the patients admitted to the Pediatric Depart- 
ment for treatment of diarrhea and in 14% of 
the polyclinic pediatric patients with diarrhea. 
For shigellosis the positive isolations were 7% 
and 2%, respectively. The proportion of negative 
isolations was high, being 66% and 84%, re- 
spectively. In young infants the proportion of 
negative results was lower than in the groups of 
older children. Certainly not all the positive 
cases could be detected in this study. Higher 
incidences would have been obtained if more than 
one fecal specimen had been examined from each 
case and if fresh specimens could have been ob- 
tained from all patients before therapy. How- 
ever, even if these conditions were fulfilled, the 
proportion of negative results probably would 
not be markedly reduced. The high proportion 
of negative results in this study suggests the 
presence of causes other than infection with 
pathogenic E. coli, Shigella, Salmonella, or 
Entamoeba histolytica. 

Numerous serotypes were isolated from pa- 
tients in whom home infection was suspected. 
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It is difficult to say which of the serotypes iso- 
lated are pathogenic. Probably many are 
pathogenic since they were isolated rather fre- 
quently from diarrhea cases in almost pure cul- 
tures, and since they were not found in the group 
of healthy babies, with the exception of a strain 
of 0114. 

Serotype 0111:B4:H2 is undoubtedly patho- 
genic. It is the cause of many epidemics in 
different countries. It was found to be endemic 
among the newborn infants in the General Central 
Hospital in Djakarta!:? and it was found fre- 
quently in this survey. 

Serotype O126:B16:H2 probably is patho- 
genic. Although it was frequently found in the 
group of home infections, it is apparently not as 
infectious as O111:B4:H2. It was known to have 
been introduced twice into the newborn-infant 
section of the Central General Hospital but it 
did not spread, although the conditions in the 
ward were suitable for 0111:B4:H2 to become 
endemic.? 

It is also probable that serotype 0142: 
K86(B):H6, frequently found in this survey, is 
pathogenic. Epidemics associated with this type 
have been observed several times in baby wards. 
One occurred in the baby ward of the maternity 
hospital “Budi Kemuliaan” in October, 1958. 
It lasted for more than 4 weeks and affected 
fullgrown newborn babies. Many were severely 
ill, and several babies died. The feces of 12 babies 
were examined and from seven 0142: K86(B) :H2 
was isolated. Non-motile type 0127:B8 was also 
isolated from one child. No other pathogenic 
E. coli or Shigella was found in this epidemic. 

Another epidemic appeared in the tetanus iso- 
lation section of the Pediatric Department of the 
Central General Hospital where tetanic children 
and newborn infants suffering from tetanus 
neonatorum are treated. Outbreaks of diarrhea 
among these infants occurred from time to time 
and were caused by O111:B4:H2. In July, 
1958, an epidemic of diarrhea occurred, affecting 
seven infants and causing three fatalities. Type 
0142:K86(B):H6 was isolated from four cases. 
No other pathogenic Z. coli was found during 
this epidemic. This type had been introduced 
into the newborn-infant section of the Central 
General Hospital in Djakarta many times. It 
occurred there in isolated cases or in small epi- 
demics under conditions which were suitable for 
0111:B4:H2 to become endemic.? 

As stated previously? non-motile O86:B7 and 
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non-motile 055:B5 probably were pathogenic. 
An epidemic of 4 months’ duration in the new- 
born infant section of the Central General Hos- 
pital was associated with non-motile O86:B7. 
Non-motile O0127:B8, O125:B15:H21, O119: 
B14:H6 and non-motile 0128:B12 have been 
found in other countries in association with 
diarrhea. They may be pathogenic. 

The other serotypes found in this survey such 
as anaerogenic O127:B8:H6 and strains of 
0114 apparently have not been reported from 
other countries. There is no evidence for their 
pathogenicity other than their isolation from 
diarrheic stools. It is striking that type 026:B6 
which is often found in association with diarrhea 
in Europe was not found in this survey. 

In the group of home infections, pathogenic 
E. coli was isolated from 16 patients over 1 year 
of age. The serotypes isolated from these patients 
were O111:B4:H2 from five patients; non- 
motile 055:B5 from two patients; 0114 from 
two patients; and 0125:B15:H2lac, non-mo- 
tile O128:B12, non-motile O86:B7, 0142: 
K86(B):H6, 0119:B14:H6, and 0126:B16:H2 
from one patient each. One patient had a double 
infection with O111:B4:H2 and non-motile 
0127:B8. The children showing these £. colt 
were all undernourished and suffered from malnu- 
trition. The children 1- to 2-years-old weighed 
between 4,750 g and 7,600 g and many of them 
showed signs of kwashiorkor. The older children 
were also far below their normal weight. Patho- 
genic Z. coli usually does not cause diarrhea in 
children above the age of 1 year. However, it is 
likely that in these severely malnourished 
children at least some of the isolated serotypes 
were of etiologic importance as the cause of 
diarrhea. 

In this survey S. flerneri type 2 was found most 
frequently, then S. sonnei, S. flerneri type 3 and 
type 1. No Shigella of the subgroup A or C was 
isolated although these types do occur in 
Djakarta. 

The large number of double infections found 
in this survey is striking. It is good evidence of 
the intense fecal contamination occurring in the 
kampong areas of Djakarta. 

In comparing the £. coli serotypes isolated 
from the newborn-infant section?» * and those 
isolated from the group of home infections in 
this survey, it is apparent that all serotypes found 
in the infant wards also occur as home infec- 
tions. It can be assumed that there is a continuous 
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interchange between strains occurring in hos- 
pitals and those occurring as home infections. 
Babies acquiring nosocomial infections may come 
home as carriers and spread the disease in the 
areas where they live and, conversely, babies 
acquiring home infections are admitted to the 
hospital for treatment. This implies a danger 
to the community since a number of the hospital 
strains have become resistant to antibiotics.? 
For instance, all strains of 0111:B4:H2 causing 
nosocomial infections in the newborn-infant 
wards and also in the Pediatric Department of the 
Central General Hospital have become resistant 
to chloramphenicol, tetracycline and Aureo- 
mycin®. Of 18 strains of O111:B4:H2 isolated 
from the group of home infections in this survey, 
five were resistant to these antibiotics and 13 
were sensitive. It is possible that in the course of 
time resistant strains of 0111:B4:H2 will re- 
place the sensitive strains occurring in Djakarta. 

Sixty-eight strains of 0111:B4:H2 obtained 
from this survey and also from cases isolated 
after completion of this survey were sent to 
Dr. Pierre Nicolle in Paris who has kindly carried 
out phage typing. He found 38 strains of the 
Vienne type and 6 strains of the Sevres type; 
22 strains were degenerated and 2 strains could 


not be typed. 


SUMMARY 


Pathogenic Escherichia coli is often isolated 
from diarrheic stools of newborn and young 
infants in Djakarta. Infection with these bac- 
teria occurs in Djakarta not only in hospitals but 
also frequently at home. The most important 
serotypes causing these home infections are 
0111:B4:H2, 0O126:B16:H2 and 0142: 
K86(B):H6. Other serotypes found were non- 
motile O0127:B8, 0127:B8:H6,  non-motile 
055:B5, 0125:B15:H2lac, 0119:B14:H6, non- 
motile O86:B7, non-motile O128:B12, 0128: 
B12:H12 and strains of 0114. They are found 
most frequently in newborn and young infants 
but may also be found in children suffering from 
diarrhea and malnutrition. Only one strain of 
0114 was found in 50 healthy babies. 


LIE KIAN JOE ET AL, 


Shigella infection is also a frequent cause of 
diarrhea among infants and children in Djakarta. 
It is rare in newborn and young infants and is 
found most frequently in the age group of 1 to 2 
years. The serotypes isolated in this study were 
types of S. flerneri and S. sonnei. 
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AMBONI CAVES, TANGANYIKA, A NEW ENDEMIC AREA FOR 
HISTOPLASMA CAPSULATUM 


LIBERO AJELLO,* P. E. C. MANSON-BAHRf ann JANE C. MOORE* 


In 1958, a presumptive diagnosis of histo- 
plasmosis was made on two individuals who had 
visited the Amboni Caves near Tanga, 
Tanganyika.! The diagnosis was based on clinical 
signs and immunologic reactions since cultures of 
Histoplasma capsulatum were not obtained from 
the patients. 

In an effort to find evidence supporting the 
diagnosis, the etiologic agent was sought in the 
soil of the caves. In June, 1959, 13 soil samples 
were collected from various areas in the Amboni 
Caves (Figure 1). These were placed in plastic 
bags and airmailed to the Mycology Unit of the 
Communicable Center in Chamblee, 
Georgia. 


Disease 


Harpum? gives the following description of the 
caves: “The Amboni Caves are situated near 
the village of Kiomoni which is four miles from 


Tanga on the road to Lanzoni. The caves occur 
in a gorge of compact, well bedded, tough grey 


limestone of Jurassic age. The individual beds of 
the limestone vary in thickness from 6 inches to 
4 feet or more with an average thickness of 
18 inches. 

The gorge is cut by the Mkulumuzi River 
which here is only 4-5 yards wide, running in an 
approximately west to east direction. The sides 
of the gorge are some 75 to 100 feet high, while 
eastward the cliffs of limestone turn away north 
and south marking the position of old shore line 
cliffs. Both sides of the gorge are riddled with 
caves, the main caves themselves occurring in 
the northern face about half a mile from the 
village of Kiomoni. 

The entrances of all the caves are pillared by 
a deposit of travertine, while inside the caves 
themselves, the walls are everywhere covered by 
the same mineral. The caves consist of large 
vaulted chambers interconnected by galleries 
and tunnels. On the floors of the caves are two 
types of deposit, the first consists of river al- 
luvium. Much of the floor of the outer caves in 
covered with the of the 


addition is guano 


* Communicable Disease Center, U. S. Public 
Health Service, Department of Health, Education, 


and Welfare, Atlanta, Georgia. 
+t King George VI Hospital, Nairobi, Kenya. 


hundreds of bats that haunt them. The guano is 
an excellent source of fertiliser, a source which it 
is believed has been and is being exploited at 
the present time.” 


SOIL STUDIES 


The soil specimens were processed for the iso- 
lation of human pathogenic fungi by injecting 
the supernatant from soil suspensions into mice 
and subsequently culturing their livers and 
spleens. Dermatophytes were sought in the soil 
by baiting portions of the soil with segments of 
human hair. Details of these procedures have 
been published previously and are not repeated 
here.* 

With the mouse procedure, a mold was re- 
covered from 7 of the 13 soil specimens that 
possessed all the gross and microscopic char- 
acteristics of H. capsulatum. After repeated sub- 
culturing on Brain Heart Infusion Agar at 37°C, 
the mold converted to its yeast-phase. The 
blastospores ranged in size from 3 to 5 yu. 

Since the soils had originated in Africa, animal 
studies were carried out to determine whether 
our isolates were in reality H. capsulatum or 
were referable to Histoplasma duboisii.4 A group 
of four guinea pigs was inoculated intratesticu- 
larly with yeast-phase cells of the Amboni Caves’ 
isolates. A mild orchitis developed in the guinea 
pigs. Smears made from the testicular exudate 
were stained with Giemsa’s stain and examined 
microscopically. Macrophages were found para- 
sitized by small yeast-like cells, 3 to 5 up 
in diameter. 

One of the African isolates was sent to Dr. Jan 
Schwarz of the Cincinnati General Hospital, 
Cincinnati, Ohio, who also carried out animal 
studies. Three hamsters and six mice were in- 
jected with the ground-up mycelial phase. 
Autopsy of the animals revealed no grossly 
recognizable lesions. On microscopic examination, 
epithelioid cells containing small yeast cells 
3 to 5 pw in diameter were found in the hilum 
of the spleen. Dr. R. Vanbreuseghem of the 
Institute of Tropical Medicine, Antwerp, 
3elgium, also studied this isolate and reported 
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Fia. 1. Soil collection sites in the Amboni Caves. 


TABLE 1 


Findings from the soil of Amboni Caves 





Specimen 


—— 





Pathogenic fungi isolated 





. capsulatum and M. 
. capsulatum and M. 


. capsulatum and M 
. capsulatum and M. 


. capsulatum 


. capsulatum and M. 
. capsulatum and M. 


- gypseum 
- gypseum 
- gypseum 


gypseum 
gypseum 


- gypseum 


gypseum 


gypseum 
gypseum 


that it was not H. duboisii. On the basis of these 
animal findings it is concluded that the 
Tanganyika soil isolates are the classical H. 
capsulatum and not H. duboisii. 

Microsporum gypseum was the only derma- 
tophyte recovered. It was found to be present in 
9 of the 13 soil samples. 

These soil findings are summarized in Table 1. 


DISCUSSION 


The Amboni Caves are inhabited by bats of 
several genera and species (Coleura afra, 
Minopterus minor, Tadarida (Chaerepha) limbata 
and Tritheniops afer). As a consequence of this, 
the floor of the cave is covered with bat guano. 
The presence of guano is significant, for H. 
capsulatum has a close ecological relationship 
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with soils contaminated with animal droppings. 
Extensive soil studies carried out in Williamson 
County, Tennessee, first revealed the linkage of H. 
capsulatum with chicken habitats.5»® Subse- 
quently, H. capsulatum was found to be associated 
with other avian habitats: oil bird (Steatornis 
caripensis) caves in Peru,’ Venezuela* and Trini- 
dad (unpublished data compiled by Drs. L. 
Ajello and W. D. Downs), grackle (Quiscalus 
quiscula) tree roosts* and pigeon (Columba 
livia) roosts.® 

The association of H. capsulatum with bat 


TABLE 2 


Locality of reported cases of large form and 
classical histoplasmosis in Africa 
Large form Classical*® 


Locality |——__—_——__| Wes 
had Reference no. | = "on 
Belgian Congo...) 5 | 4, 31,36 | | 42 
Cameroon | 1] 30 | 
Chad 4 | 26, 32, 35 
French Equator- | 
ial Africa | 19 
French Sudan...| 3 | 33 
Gabon 
Ghana 
Guinea 
Ivory Coast 
Kenya 
Nigeria 
Niger Voltaic 
Republic 
Rhodesia 
Senegal 


Sudant 

Tanganyika 

Union of South 
Africa 

Undetermined 2 


Total | 32 | 


* Two Egyptian cases are not considered to be 
based on adequate supporting evidence. (Hala- 
wani, A., and El Sayed, M. H., 1957. Report on 
histoplasmosis in Egypt. J. Egypt. M. A., 40: 553- 
556.) 

t Jelliffe’s patient acquired his infection in the 
Sudan, not in Nigeria as cited by Drouhet.'* 

t Reported in a personal communication by 
Dr. J. P. Mackey, Tanga Hospital, Tanga, Tan- 
ganyika. 
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guano contaminated soil was first established by 
Emmons.’ In investigating an outbreak of 
histoplasmosis in a rural family in Maryland, 
he concluded that: “The presence of bats is the 
apparent factor responsible for the constant 
saprophytic infestation of soil... with H. capsu- 
latum.” Outbreaks of histoplasmosis also have 
occurred among persons who entered caves har- 
boring bats in Venezuela," the Union of South 
Africa” and Mexico." It is significant that 
the floors of the Amboni Caves are covered with 
the droppings of the large number of bats that 
they shelter. 

In 1947, Duncan’ postulated that an African 
form of histoplasmosis existed that was histo- 
logically distinct from the classical form of that 
disease. He found in a European patient, who 
had contracted his infection in Ghana, that the 
tissue phase cells of the parasite were unusually 
large. Some measured 15 yw in diameter. This 
was in marked contrast to the size of the tissue 
phase cells of H. capsulatum which generally 
range from 3 to 4 uw in diameter. The mycelial 
phase of the Ghana isolate however was indis- 
tinguishable from known strains of H. capsulatum. 

The first recognized case of histoplasmosis 
from the Belgian Congo was diagnosed by Dubois 
et al. in 1952.4 It was noted that their patient, a 
European colonist, had ovoid yeast cells in his 
lymph glands that averaged 10 x 13.5 yw. In 
experimental animals, injected with this patient’s 
isolate, large cells also developed. The mycelial 
phase again was similar to that of H. capsulatum. 
On the basis of the large tissue phase cells in 
humans and experimentally infected animals, 
Vanbreuseghem created the new species, H. 
duboisii.4 

Since 1919, 32 cases of histoplasmosis at- 
tributable to H. duboisii have been diagnosed. A 
compilation of these cases, based in part on the 
records reported by Drouhet'® and Van- 
breuseghem,” is presented in Table 2. 

The only non-African report of infection with 
H. duboisiit and its isolation from soil is from 
Poona, India.” Study of the Poona human and 
soil isolates by Dr. L. Ajello (unpublished data) 
revealed that the fungus involved was not a 
Histoplasma but rather Thielavia sepedonium. 

The classical or small-spored form of histo- 
plasmosis also occurs in Africa. In 1957, Drouhet** 
compiled records on nine human cases. Three 
other cases have been reported since then, one 
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Fia. 2. Geographic distribution of small and large forms of histoplasmosis in Africa. 


by Davies,* another by Murray et al.“ and the 
third in a personal communication by Dr. J. P. 
Mackey, Tanga Hospital, Tanga, Tanganyika 
(Table 2). Davies’ case* was designated as a 
probable infection with the large form of African 
histoplasmosis. Histological slides from her pa- 
tient were obtained through the courtesy of 
Dr. G. F. Vawter of the Children’s Hospital, 
Boston, Massachusetts. Only small tissue phase 
cells of H. capsulatum (2-3.5 yw in diameter) 
were found in the sections. Thus this infection 
must be attributed to H. capsulatum. 

The distribution of reported cases of both forms 
of histoplasmosis on the African continent is 
presented in Figure 2. 

H. capsulatum has been recovered also from an 
unspecified number of animals (guinea pigs, mice, 
monkeys, rabbits, and rats) exposed for 5 hours 
in the dusty atmosphere of the Transvaal cave 
Pothole. From this and 
other South African caves, 46 human cases of 
benign 


known as Johnson’s 


pulmonary histoplasmosis have been 


documented.” 
In 1957, Dean* reported several cases of acute 


pulmonary diseases that developed in individuals 
who had visited caves in Southern Rhodesia. 
Two became ill following exploration of the 
Magwento bat cave in the Urungwe Mountains. 
The diagnosis was based solely on clinicalsymptoms 
and the demonstration of a positive skin test reac- 
tion to histoplasmin. Through inference, the 
fatal disease of two police officers, who entered 
a cave used for ritual purposes by the natives in 
the Matapos area of South Rhodesia, was con- 
sidered to have been histoplasmosis. 

Dean speculates that histoplasmosis was the 
cause of the death of several archaeologists who 
had opened the tomb of Tutankhamen in Egypt 
in 1923. This novel explanation of the “curse of 
the Pharoah” is completely without foundation 
and contrary to present knowledge concerning 
the ecology of H. capsulatum. 

At the Pasteur Institute in Paris, an aberrant 
form of H. capsulatum has been isolated from 7 
yellow baboons (Cynocephalus babuin) newly 
arrived from French Guinea.**-® 

Doubt exists concerning the taxonomic validity 
of H. duboisii as a species distinct from H. cap- 
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sulatum. Some investigators hold that at best it 
should be considered a variant of H. capsulatum.” 
Taschdjian™ found that cultures of H. capsulatum 
and H. duboisii anastomosed, a phenomenon 
generally conceded to occur only among strains 
of a given species and not between species. 
The student of histoplasmosis can find much 
in his field to investigate on the African con- 
tinent. Through histoplasmin skin-test surveys 
and soil studies, endemic areas need to be dis- 
covered and delineated. The problem of etiology 
must also be elucidated. Are 
Histoplasma present in Africa or does H. capsu- 
latum occur as a variant that develops large 
blastospores in animal hosts? Only through 
serological tests and careful histopathological 
study of tissues from naturally infected hosts 
and experimental animals can the relationship 
and distribution of the two forms of Histoplasma 
be determined. The ultimate taxonomic status of 
H. duboisii will be determined only after pains- 
taking comparative studies have been carried out 
on an extensive series of small- and large-celled 


two species of 


isolates. 

The occurrence of M. gypseum in the cave soils 
was not unexpected. This dermatophyte has a 
widespread geographic distribution and is abun- 
dant in soil.“ On the African continent, it has 
isolated and 
Congo® soils. 


been from Nigerian™ Belgian 


SUMMARY 


The endemicity of Histoplasma capsulatum in 
Tanganyika was established through soil studies. 
Seven of thirteen soil specimens collected in the 
Amboni Caves yielded the fungus. The caves 
harbor a large population of bats. 

Appropriate tests were carried out to establish 
the fact that the soil isolates were referable to 
H. capsulatum and not to Histoplasma duboisit. 


The occurrence of two forms of histoplasmosis 


is discussed and all reported cases tabulated. 
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During 1954, the United States experienced 
a sharp increase in the number of cases reported 


as viral hepatitis. This increased incidence was 
observed in general throughout this country 
and also in Europe.':? Data on reported inci- 
dence in the United States were first available 
in 1950 and are incomplete until 1952 when 
the disease was added to the list of nationally 
reportable diseases.! 

Reported cases of viral hepatitis in the United 
States for each of the 9 years from 1950 through 
1958 were 3, 7, 17, 34, 50, 32, 19, 15, and 15 
thousand, respectively. From 1952, the reported 
incidence rose sharply until 1954 when 50 thou- 
sand cases were recorded, then declined just as 
sharply between 1954 and 1958. 

In California, reports on “infectious jaundice,” 
including Weil’s disease, have been recorded 
since 1922. Since there were very few cases of 
Weil’s disease, the trend of “infectious jaundice” 
can be considered as the trend for infectious 
hepatitis. It should be noted also that serum 
hepatitis was not reported separately until 1950. 
Again, the small number of cases reported prior 
to 1950 would have very little effect on the trend 
(Table 1). 

In Figure 1, it may be seen that fewer than 
200 cases were reported annually from 1922 to 
1943, with one exception in 1926. From 1944 
to 1948 the reported incidence fluctuated be- 
tween 100 and 350 cases; in 1949 reported cases 
rose to over 500 only to decline again in 1950-51. 
A further sharp rise was experienced in 1952 
and 1953 and in 1954 California had the highest 
number of cases ever reported in a single year. 
Since 1954 a new endemic level appears to have 
been established, and has been maintained 
with 1,800 or more cases reported each year. 

Interest in viral hepatitis has increased with 
the increased reported incidence, and many 
studies have been undertaken to aid in better 


* Present address: U. S. Navy Preventive Medi- 
cine Unit No. 2, Norfolk Base, Norfolk, Virginia. 
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understanding of its epidemiology. With few 
exceptions, studies of infectious hepatitis have 
been limited to populations in institutions of 
one kind or another, or to persons involved in 
common source outbreaks. 

Collection and analysis of data concerning 
the epidemiology of this important communi- 
cable disease in the general population are es- 
sential to clarification and development of pos- 
sible control measures. When more specific 
diagnostic methods become available, the epi- 
demiologic observations which are presently 
possible can be refined and extended. The pri- 
mary objective of the present study was to 
describe some elements of the natural history 
of the clinical and epidemiologic entity reported 
as infectious hepatitis from selected areas of 
California. Secondly, additional information 
was sought concerning the efficacy of gamma 
globulin, as used in a non-institutional setting, 
in the prevention of infectious hepatitis. 


METHODS OF STUDY 


The study was a joint effort on the part of the 
California State Department of Public Health 
and six selected local health departments. These 
six included the four health jurisdictions in 
Los Angeles County, viz., Los Angeles City, 
Long Beach, Pasadena and Los Angeles County 
exclusive of these cities, and two other counties, 
Alameda and Santa Clara, representing the 
San Francisco Bay Region. 

The method of study involved the further 
field investigation of all cases of hepatitis re- 
ported in the three counties listed above during 
a 2-year period, 1955 through 1956. A rather 
elaborate schedule was completed for each re- 
ported case, including information from the 
patient or respondent, from the hospital, if any, 
and from the private physician. In addition, 
two visits, separated by at least 40 days, were 
made by public health nurses to each household 
from which a case was reported. The purpose 
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TABLE 1 
Reported cases of infectious hepatitis in California 
1988- 1958* 


Year Year 


Cases | 


1922 53T 
1923 25 

1924 5 

1925 10 

1926 
1927 34 1939 
1928 | 1940 
1929 1941 
1930 1942 
1931 1943 
1932 1944 
1945 


1934 
1935 
1936 
1937 
1938 


1947 

1948 { 
1949 512** 
1950 361 
1951 317 
1952 876 
1953 1405 
1954 2285 
1955 1918 
1956 2015 
1957 1877 
1958 1986 











* First made vepert able July 1, 1922. Figures 
through 1948 included Weil’s disease. 

t 24 of the total 53 from Nevada County. 

t 231 of the total 235 from San Diego County. 

§ 80 of the total 117 from El Dorado County. 

|| 105 of the total 182 from Shasta County. 

§ 189 of the total 335 from three counties— 
Contra Costa, Mendocino and Solano Counties. 

** 342 of the total 512 from two counties—Los 
Angeles and Sonoma Counties. 


of these visits was to obtain data concerning 
the household roster, the 
and other 
epidemiologic and clinical data, including use of 
prophylactic gamma globulin for household 
contacts following onset of the index case. 
Ninety cases with 23 deaths reported during 
the period of study as serum hepatitis were 
excluded from the of the 
histories of these a rea- 
sonable possibility that they were serum hepa- 
titis. The basis for the exclusion was a history of 
receiving blood 
addiction (16 ca 
tory dish washer (2 cases). 


associated illnesses, 


presence of ‘“residual’’ symptoms, 


analysis. On review 


cases it was considered 


transfusions (68 drug 


cases), 
ses), and employment as a labora- 
In 4 cases the type 
of injection was unknown. 


A few of the 


may be serum hepatitis but we 


cases remaining in the study 
feel that the 
and the effect 


number of such cases is small 


therefore would be minimal. 
Definitions 


For the special study the following definitions 
were developed: 
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NUMBER OF CASES 


SONOMA 240/5i2 
LOS ANGELES 102 


3 COUNTIES 


SAN DIEGO 189/335 


L 
wo r 231/235 


is 
EL DORADO oa | - 
[Nevana 


60/117 
100 | ah oe 
oo ee ee | 


1922 26 Oo 34 46 50 54 58 
aon 


Fig. 1. Infectious hepatitis cases in California, 
1922 to 1958. 


A household was a group of persons living in a 
single dwelling regardless of relationship. 

Categories of illness. Group I cases were con- 
sidered “confirmed” infectious hepatitis and had 
one or more of the following clinical or clinico- 
pathologic findings: clinical jaundice; enlarged 
or tender liver as determined by medical exami- 
nation; clay-colored stools and/or dark urine 
as definitely reported or recorded by the patient, 
parent or physician; abnormal liver function as 
evidenced by cephalin flocculation and thymol 
turbidity tests. Group II cases were considered 
as “probable” infectious hepatitis. All reported 
cases in the study not satisfying the findings for 
Group I were included in this category. It should 
be noted, however, that the reported case or 
associated illness in this group was otherwise 
compatible with a diagnosis of infectious hepa- 
titis, although the criteria noted above for Group 
I cases were not met. 

Types of cases. A primary case was the first 
case in the household with respect to date of 
onset. A co-primary case had an onset 20 days or 
less after the onset of the primary case. A sec- 
ondary case had an onset 21 days to 60 days 
after the onset of the primary case. Cases which 
occurred 61 days or more after the onset of the 
primary case were considered new primary cases. 
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Gamma globulin prophylaxis. An individual 
was classed as having effectively received gamma 
globulin if it was given 6 or more days before 
onset of illness. An individual was considered 
not to have received gamma globulin if it was 
received less than 6 days before onset of illness. 
The recommended dosage of gamma globulin 
administered to household contacts varied from 
0.01 ml/lb to 0.02 ml/lb according to the local 
health departments involved. Most of the gamma 
globulin used was issued by local health depart- 
ments in whose jurisdiction the cases occurred. 


RESULTS 


Description of cases. There were 1,546 cases 
with data on household composition and follow- 
up of exposed household members. These 1,546 
cases include both reported infectious hepatitis 
and illnesses detected in 
households. Of this number 1,417 were classified 
as “confirmed” infectious hepatitis (Group I), and 
129 were classified as 
hepatitis (Group II). 

The were for the part 
endemic and sporadic although there were a 
few sharp circumscribed epidemics recognized. 


cases “associated”’ 


“probable” infectious 


cases studied most 


One occurred in a college dormitory housing 
14 young men. Six became ill within 4 or 5 days 
of each other, suggesting a common source of 
infection. A second group of related cases de- 
veloped after a dinner which involved 54 mem- 


TABLE 2 
Infectious hepatitis cases in the study by type of 
case and month of onset, 1955-1956 


Month 





Group I* | Group IIt 
Total 1417 | 129 
January : 129 
February : 130 

March 124 

April 116 

May 112 

June 97 11 
July | 114 6 
August 112 13 
September 158 | 12 
October j 133 | 13 
November 101 | 6 
December 91 | 10 





* Group I, “‘confirmed”’ infectious hepatitis. 
t Group II, “‘probable”’ infectious hepatitis. 
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bers of nine families. Twelve cases of infectious 
hepatitis were diagnosed following this gathering, 
again suggesting a common source. These families 
were scattered geographically and might not 
have been associated except for the type of 
follow-up used in this study. 

Community outbreaks also occurred. These 
ranged from a few families in a neighborhood 
to 97 families in a housing project. This latter 
type of outbreak may smolder along for many 
months as reported by Barondess et al.,? some 
households having a single case and others having 
two or more. As an example, an outbreak oc- 
curred in a housing project involving 35 families 
and 58 cases. The first case had an onset in De- 
cember, 1954, and the last in October, 1956. 

However, 60% of the cases included in this 
study were single cases in a household. Approxi- 
mately 50% of these single cases could be related 
in time and place to other cases in other house- 
holds in the community. In most instances no 
source could be demonstrated and 
person-to-person contact was the assumed mode 
of spread. The remaining single cases were 
sporadic with no clear indication of being related 
to any other case. With this pattern of occurrence, 
control measures were directed toward protec- 
tion of family and neighborhood contacts, once 
the disease was recognized in the household or 
neighborhood. 
distribution. Infectious hepatitis 
occurred in every month of the year. In the 
California series (Table 2) the seasonal pattern 
was not as sharply defined as for the United 
States;! however, there was a decline in the 
number of cases reported during the summer 
months, May through August, which followed 
the seasonal pattern described in the literature. 

For all cases in this series the peak month was 
September with a slight downward trend to 
December. The larger Group I, of course, set 
the pattern. The peak for the Group II cases 
was in March; however, the numbers were so 
small that little significance can be attached to 
this observation except to suggest that some 
of these illnesses may not in actuality have been 
infectious hepatitis. 

Age and sex distribution. Table 3 presents age 
data for the 5,434 individuals comprising the 
households in which the illnesses occurred and 
for the persons with illnesses in the two categories 
defined above. 


common 


Seasonal 
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TABLE 3 


Age distribution of persons in the study population and cases of infectious hepatitis by diagnostic group, 
1955-1956 





Total persons in study 
population 
Age group 


All ages 

Under 1 

14 

5-9 

10-14 

15-19 
20-24 
25-29 
30-39 880 
40-49 484 
50-59 202 
60-69 | 119 
70-79 61 
80 and over | 22 
Not stated | 47 


| 


Now 


t 
bo 





if 


| 





Group I* cases Group IIt cases 











mimo nDonSoanwnwn-: 


oo 





* Group I cases, ‘“‘confirmed”’ infectious hepatitis. 
t Group II cases, “‘probable”’ infectious hepatitis. 


TABLE 4 
Population by age groups for study area and persons 


in study group, 1955-1956 
Study area 


Study group 
Age group —_— —__—— 
No. % | No. 
| 6,407, 100* 100.0f| 5,434 
704,781 | 
640,710 
486 ,940 
410,054 
20-24 390 , 833 
25-29 | 467,718 
30-39 | 1,018,729 
40-49 | 852,144 
50-59 634,303 
60 and over | 800,888 | 3. 
Not stated | —— - | 0.9 
* Department of Finance Estimate, December, 
1956, civilian population estimated for July 1, 
1955. 
Alameda 
Santa Clara County 
Los Angeles County 


Under 5 
5-9 
10-14 | 
15-19 


NNwWNNWSOS 


nuown 


~I 


830, 200 
422,100 
5,154,800 
Total study area 6,407,100 
Tt Percentage distribution based on estimated 
age distribution of total civilian population of 
California, 1955. (Department of Finance Esti- 
mates, July, 1958.) 


It can be seen that cases were recognized 
with the greatest frequency in the age groups 
5 to 9 and 30 to 39 with nearly as great a fre- 
quency in the 10 to 14, 20 to 24, and 25 to 29 
age groups. Relatively few illnesses were ob- 
served in individuals under 1 year but a con- 
siderable number occurred in those 40 and over. 

It should be noted that 56% of the Group II 
(probable) cases of infectious hepatitis were 
recognized in individuals under 10 whereas 
only 26% of “confirmed” cases were in this 
same age group. Whether this disproportion 
is attributable to less “severe” clinical illness 
in the younger group and therefore by definition 
excluded from the “confirmed” group of illnesses 
or whether the disproportion suggests a different 
etiology for the two groups is not clear from the 
data at hand. 

Age specific attack rates were calculated on 
the basis of the estimated civilian population 
for 1955 in California and the occurrence of 
cases for 2 years in three selected counties. The 
age specific attack rates are therefore not annual 
rates and are of interest primarily for a com- 
parison of the several age groups. 

The age distribution for the population of the 
study area was obtained by applying the esti- 
mated percentage distribution for California 
(1955) to the population of the three counties 
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under study. Table 4 gives the proportions in 
the various age groups of the two populations. 
As noted from this table there was a considerable 
difference between the area population and the 
household study population in the age groups 
under 15 and over 40. Approximately 46% of 
the study group population were under 15 years 
as compared to 28.6% in the total study area. 
The reverse was observed in the age groups 
over 40: 16.4% in the study group to 35.7% in 
the study area. The age groups between these 
extremes were quite similar. The households 
from which a case of hepatitis was reported were 
therefore of a generally younger age composi- 
tion than was the population of the three counties 
as a whole. 


TABLE 5 
Age specific attack rates per 100,000 for study area, 
1955-1956 


Rate per 


Age group 100,000 


Population 


All ages 
0-4 
5-9 

10-14 


a 
5 
a 
8 
9 
5 
8 
2 
.3 
3.9 
5.7 


| 
} 
60 and over 





* Total includes 2 persons who did not state 
their age. 
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Table 5 gives the estimated age specific attack 
rates for the three counties concerned. Although 
these rates are for a 2-year period, they are 
rather high in several of the age groups, reaching 
50.1 per 100,000 population for 2 years in the 
age group 5 to 9. Attack rates are nearly as 
high (43.5) in the age group 20 to 24 and are 
generally rather high in every age group from 
5 to 39 years. 

Even when prorated to an annual basis the 
attack rates are from 12 to 25 per 100,000 popu- 
lation over a considerable span of life. The in- 
crease in rates among young adults (ages 20 to 
30) suggests the possibility that young parents 
of young children may be at particularly high 
risk. 

The occurrence of cases according to age and 
the number of cases in the household are pre- 
sented in Table 6. Of the total of 1,546 cases 
observed in 1,160 households, 934 had only a 
single case in the household. Thus 80% of the 
households had only one case, or to put it another 
way, 60% of all cases occurred singly in the 
households. The modal age of single cases in 
households fell in the 20 to 29 age group; in 
households having two or more cases the most 
frequent age was under 9 years. 

The sex distribution of cases was approximately 
equal, 52% being males among the total study 
group. Sex specific attack rates were not at- 
tempted because information was lacking on 
sex distribution in the study area population. 

Distribution of cases by occupation. It was not 
possible to determine risks of hepatitis by oc- 
cupation since the distribution of occupationg 


TABLE 6 
Age distribution of total cases by number of cases occurring in household, 1955-1956 





Total cases 


Age group 


Number of cases in household 








All ages 


247 


44 
38 
11 
80 and over 5 








* Total includes 2 persons who did not state their age. 
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TABLE 7 


Number and percentage of households by household size and number of cases in household, 1955-1956 





Household size 


Number of cases in a household 





Total 
Total 1160* 
100.0 


125 
100.0 


162 
100.0 


246 


100.0 


214 
100.0 


164 

100.0 

7 and 8 137 
100.0 


60 
100.0 


9 and over 


TABLE 


934* 


80.5 


117 
93.6 


141 
87.0 


209 
84.9 


170 
79.4 


120 
73.1 


85 


40 
66.6 


8 


2 


136 
11.7 


8 


11. 


Secondary attack rates by household size, 


| | 
Primary 
se- 3 
Howe Total and co 
size | Persons| primary 
i | cases 
| } 


Total | 5434 | 1405 
1 52 | 
2 | 250) 

486 
984 
| 1070 
984 219 
616 129 
392 72 
279 

140 | 118 
66 60 
48 H 43 
f 34 
19 


Persons 
at risk 


| 4029 
52 | 
130 
179 | 
276 


259 


708 


765 
487 
320 


927 
237 


120 | 
307 | 


811 | 


total cases, 1955-1956 


Second 
ary 


cases 


141 


m do to 
00 He 3 00 mm Or 3 Go 


n 


| 
o.°o 


— 


Secondary attack 
rate (%) 


ow 
or 


= Co 


- 


- obo WwW & bo tO 


o 


Oe © Or co 


_~ > 
oa 


J 


2 
1. 3.3 


* 52 individuals in households of 1 person are not tabulated but are included in the total. 


in the study area population is not available for 
1955-56. However, it is interesting to note that 
pre-school children comprised 6% of the cases 
of illness observed, school-age children 35%, 
housewives 17%, and the remaining 42% were 
distributed over a wide variety of occupations. 
The significance of these observations is not 
too apparent other than contact or recognition 
of illness appears to begin sharply at school age. 

Number of cases according to size of households. 
The numbers and percentages of households 
with varying numbers of cases are shown in 
Table 7. Of the 1,160 households observed, the 
four-person household was the most common 
with nearly the same number containing five 
members. The percentage of households with a 
single case predominated in all sizes of house- 
holds, the highest being 93.6% in households of 
two and the lowest 62% in households of seven 
or eight members. The proportion of households 
having a single case decreased consistently as 
size of household increased, with one exception. 
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Households of nine or over showed a slight rise; 
however, only 60 households of the total 1,160 
were in this group. 

As households become larger there is, of 
course, opportunity for more cases. That this 
factor was operative is shown by the decreasing 
number of single case households in larger families 
and the considerably higher proportion of large 
families which had 3, 4, 5 and even 7 cases per 
household. The relation of these findings to risk, 
however, cannot be evaluated because family 
sizes for the entire population of the three coun- 
ties are not available for 1955-56. 

Secondary attack rates. There were 5,434 
persons in the 1,160 households observed. In 
this universe 1,546 cases of “confirmed” (Group 
I) or “probable” infectious hepatitis (Group I) 
were recognized. Of these 1,546 cases, 1,405 
were considered to be primary or co-primary. 
The remaining 141 cases had onsets 21 to 60 
days after the onset of the first case in the house- 
hold and were classed as secondary cases. In 
calculating secondary attack rates the popu- 
lation at risk was defined as the total household 
less all primary and co-primary cases. 

From Table 8 it may be seen that secondary 
attack rates in households of various sizes ranged 
from 2.3% to 6.5%. In general, secondary attack 
rates increased progressively with the size of 
the household. 

Much higher secondary attack rates have been 
reported by others.*: 4 However, it appears that 
differences in definition of primary and secondary 
cases, and in determining the population at 
risk, may account for the observed variation 
in rates. 

Secondary attack rates by household size 
calculated for 
(Group I) cases only. These are similar, as ex- 
pected, to the total of “confirmed” and “prob- 


able”’ cases. 


were separately “confirmed”’ 


Secondary attack rates by age groups of household 
members. Age specific secondary attack rates 
are presented in Table 9 for all cases in both 
categories of illness. The secondary attack rates 
showed a regular increase from a low of 0.7% 
under 1 year of age to a peak of 7.0% at 10 to 
14 years and an equally regular decline in the 
older age groups. 

It is interesting to note that the secondary 
attack rates for the young adult group (20 to 
29 years) are much lower than for the 5 to 9 or 
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TABLE 9 
Secondary attack rates by age, total cases, 1955-1956 





| 
|Primary 
Total | and co- 
persons |primary 
cases 


Second- 
Pemena Second- 


° ary 
at risk cases 


rate(%) 





5434 | 1405 
147 9 
782 97 
988 
579 
340 95 
363 164 
420 | 163 

30-39 880 229 

40-49 484 104 380 

50-59 202 44 158 

60-69 38 81 

70-79 61 10 51 

80 and over 22 5 17 

Not stated 47 1 46 





4029 | 141 
138 1 
685 | 16 

281 40 

165 29 

245 

199 

257 

651 


All ages 
Under 1 
1-4 
5-9 
10-14 
15-19 
20-24 
25-29 


wNonwnwwrrtst an © Ww 
erPOaoaonwna 


o 
w 




















10 to 14 age groups. The age specific secondary 
attack rates for young adults in the households 
with a case are, therefore, lower than those for 
school-age children, although earlier it was seen 
that total attack rates for the young adults 
remain nearly as high as for the children. This 
somewhat diminishes the thesis that young 
parents are at particularly high risk of infections 
from their offspring. 

Prophylactic use of gamma globulin. The use 
of gamma globulin in the prevention of infectious 
hepatitis has been studied often in institutional 
populations, * 5° and in families in the general 
population.* "5 These latter studies have most 
often dealt with epidemic situations. The present 
study adds to the above by documenting the 
use of gamma globulin in the control of hepatitis 
in household contacts of cases reported from the 
general population of three counties over a period 
of 2 years. 

The epidemiologic family history provided 
data on administration of gamma globulin to all 
household members around each case including 
the date when it was given. As noted above, for 
purposes of this study an arbitrary limit of 
effective administration of 6 days prior to onset 
was used; that is, household contacts receiving 
gamma globulin 6 or more days before onset 
were considered to have received adequate 
prophylaxis and individuals given gamma 
globulin less than 6 days before onset of hepatitis 
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were considered as not having received gamma 
globulin. No data were available in regard to 
the dosage of gamma globulin received. 

Histories of the total of 1,546 cases were re- 
viewed with respect to gamma globulin ad- 
ministered to household members. This informa- 
tion was missing for the households of a few cases. 

All primary cases (1,176) were excluded from 
the households studied and the group remaining 
for study of efficacy of gamma globulin con- 
sisted of 370 co-primary or secondary cases and 
3,857 household members who were not ill. 
Although the history form attempted to elicit 
information concerning previous attacks of 
jaundice and previous administration of gamma 
globulin it was felt that these questions were 
incompletely or poorly answered. Therefore, 
no attempt was made to exclude family members 
not ill who had a previous history of jaundice 
and only injections of gamma globulin given 
after onset of the first case in a household were 
counted. 
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Effectiveness of gamma globulin in preventing 
infectious hepatitis in household contacts of 
cases was tested by means of the Chi square 
method. These Chi square values were calculated 
for all cases in both “confirmed” (Group I) 
and “probable” (Group II) categories, then 
repeated for “confirmed” cases only and finally 
for “probable” cases only. Results were calcu- 
lated for persons of all ages and then repeated 
for persons under and over 15 years. 

In all three sets of Chi square calculations, 
classification by diagnostic category was applied 
only to the co-primary and secondary cases 
regardless of the diagnostic category (‘‘con- 
firmed” or “‘probable”’) of the primary case in 
the household. 

Table 10 summarizes Chi square values cal- 
culated for these various categories and the “P” 
value for these Chi squares. All groups gave 
highly significant indications of protection with 
one exception, the exception being that group of 
persons over 15 years of age in which the co- 


TABLE 10 


Prophylactic administration of gamma globulin, summary of Chi square values and probability by age 
groups and type of case, 1955-1956 





| 
Total cases 
| 


Group I* Group IIt 





Co-primary and secondary cases | 
Total 


| cases 


Chi 
square 


Prob- 





All ages 

Gamma globulin 
tl 
Not ill 

No gamma globulin 
Il 
Not ill 

Age 0-14 

Gamma globulin 
Il 
Not ill 

No gamma globulin 
Il 
Not ill 

Age 15 and over 

Gamma globulin 
tl 12 
Not ill 956 

No gamma globulin 
Nl 124 
Not ill 1056 


ability 


Total 
cases 


Chi 
square 


Chi 
square 


Total 
cases 


Prob- 


| 
ability 


Prob- | 
ability 


| 
| 











* Group I, ‘‘confirmed”’ infectious hepatitis. 
¢ Group II, “probable’’ infectious hepatitis. 





INFECTIOUS HEPATITIS 


IN CALIFORNIA 


TABLE 11 
Comparison of results obtained with and without gamma globulin by various investigators 


Investigators 


California 

Stokes et al. 

Ashley 

Hsia et al.. 

Lilienfeld et al... 
Brooks et al... 

Korns cited by Leftwich 


Institutional 








|Institutional 





Type of population studied 


General population | 321 


Families—outbreaks | 26 116 
Families—outbreaks 13 
Families—outbreaks 20 
Families—outbreaks 114 18 





Cases of infectious hepatitis 





Number of persons 
exposed 





INoG.c.| Gc. 








44 





| 124 


| 


839 588 











primary and secondary cases all fell into the 
“probable” category. This finding suggests that 
in the older age group the “probable”’ cases were 
less likely to have actually been infectious 
hepatitis than were those “probable” cases 
occurring in individuals under 15. If these 
cases were not actually hepatitis but some other 
febrile illness then indeed they would not be 
protected by the use of gamma globulin 

These data were examined also with relation 
to such factors as age and size of household. 
The same results were obtained in that attack 
rates were much higher in those at risk who 
did not receive gamma globulin. The ratios of 
attack rates ranged from 3 to 15 times higher in 
the non-gamma globulin group than in those 
who had received gamma globulin. 

These findings are comparable to those of 
other investigators as noted in Table 11. 

Failures in protection. There were 49 instances 
in which gamma globulin appeared to have failed 
to protect. A review of the records of these cases 
resulted in some interesting observations. In 
37 of the cases the individuals were under 15 
years of age and in 12 they were over 15. There 
were 11 co-primary and 38 secondary cases. 
Twenty-five were “confirmed” Group I cases 
and 24 were “probable” Group II cases. 

The intervals between administration of 
gamma globulin and onset ranged from 6 days 
in three cases to 53 days in one case. Approxi- 
mately 50% of the 49 cases had intervals of 6 
to 14 days and the rest had over 15 days. There 
are other factors which may influence these 
failures in relation to time interval, e.g., the 
question of multiple failures in a single house- 


hold. Twenty-four of the 49 cases in the California 
series were in nine households. Twenty of these 
were in children under 15 years of age; 12 of 
these 20 were “probable” infectious hepatitis 
(Group II) cases. 

Certain suppositions are advanced as possible 
explanations for these failures. The multiple 
failures in nine households might be explained 
on the basis of inaccurate histories of gamma 
globulin administration. Another theory is that 
the vial of gamma globulin used in a single 
household may have been low in antibody titer 
and therefore would be enough to protect a 
partially immune adult, but not a child with 
little previous exposure to infectious hepatitis. 
Difficulty may be encountered in determining 
the exact date of onset especially in mild, anicteric 
cases in children. If the onset were earlier than 
stated it could mean that gamma globulin 
actually was administered too late in the incuba- 
tion period to be effective. 

Finally, no biologic is 100% effective; so-called 
failures have been observed in other instances 
with institutional populations. Ashley,’* for 
example, reported 15 cases in an institution for 
the mentally retarded, which occurred 9 to 31 
days after injection of gamma globulin. Gellis 
and Hsia’ observed the onset of three cases in 
an orphanage 9 days, 18 days and 7 months, 
respectively, after administration of gamma 
globulin. 

Recovery status and fatality data. Tables on 
recovery status and fatality are based upon 
1,469 cases. These include some cases which 
were excluded from previous tables by household, 
age distribution, etc. Most of these cases oc- 
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TABLE 12 
Interval between onset and residual status or death at time of follow-up visit, 1955-1956 





Onset to follow-up (interval in days) 





Total ee 7 


Outcome both Total 40-59 60-99 | 100 and over 
sexes 








Male | Female Male | Female Male | Female Female| Male | Female 


| 
a — . ss 





Total 1469 | 7 22 | 33 | 39 | 120 | 55 
Died 53 ‘ 8 5D | 6 3 
Recovered 1416 26 | 6 | 25 2 

No residual 1050 

Residual 366 

Group A* 184 
1 120 
2 30 
3 34 

Group Bf 182 
4 57 
5 81 
6 


— 
—_ 
— 


40 
12 
2 


—" 
“I QO 








waonose 
w 





8 


— 
~ eS 1 0 


b 





o >» -& & bo bo 











* Group A residuals: 
1 Jaundice, dark urine and/or clay-colored stools. 
2 Liver enlargement and tenderness. 
3 Abnormal liver function tests. 
t Group B residuals: 
4 Gastro-intestinal symptoms such as abdominal pain, nausea, vomiting 
5 Weakness, fatigue, anorexia, mental depression and slight fever. 
6 Nonspecific statements such as ‘‘incomplete recovery.”’ 


TABLE 13 
Recovery status by age and sex, 1955-1956* 





Recovered, Recovered, Group A Group B 
Total no residual with residual residuals residuals 


cases ————____ = a 


No. 


Age and sex 





All ages 1469t. | 1050 | 71.4 | 366t 
Male 747t 547 | 73.2 | 179T 
Female 722 503 | 69.6 | 187 

0-9 373 305 | 81 66 
Male 192 158 | 82. 33 
Female 181 147 | 81 33 

10-19 285 238 | 83 46 
Male 167 139 | 83.5 28 
Female 118 | 99) 83. 18 

20-39 579 384 | 66.3 | 182 
Male 278 188 | 67. 87 
Female 301 196 | 65. 95 

40 and over 231 123 | 53.2! 71 12. 42 
Male 109 62 | 56.8 | 30 14 | 12.9] 16 | 
Female 122 61 | 50.0| 41 | 33.6) 15 | 12.2) 26 | 


| 


182+ | 
Sot | 
93 
28 
14 
14 


- do Ww 


NOOO 
—) 
RARaAmMoON 


“I 
aa 
oo 


o 


14 
9. 7 
| 15. 90 
| 15. 44 

16.2| 46 
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or oo 


or 
wo © 


— 
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— i 
-~ won oO 


10 
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* Based on all cases in the study with recovery data given. This includes cases which were excluded 
because of missing information on household composition and follow-up. 
+t Total includes 1 person who did not state his age. 
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curred in hospitals or other institutions which 
could not be treated as a household. However 
in a discussion of severity and fatality it seemed 
reasonable to include all the 
outcome was known. 

The data were collected in the course of two 
visits to each patient, the first at time of onset 
of the initial case, the second 40 days later. 
Table 12 shows the recovery status of these 
1,469 cases by interval between onset and second 


cases in which 


visit, by sex and by type of residual symptoms 
reported. 

Group A residuals were those probably indi- 
cating continued involvement of the liver such 
as the persistence of jaundice, dark urine and /or 
clay-colored stools; liver enlargement and tender 
ness; abnormal liver function tests. 

Group B residuals were less specific observa- 
tions described as gastro-intestinal findings such 
as abdominal pain, nausea, vomiting; weakness, 
fatigue, anorexia, mental depression and slight 
fever; non-specific statements such as “incom- 
plete recovery.”” From Table 12 it may be seen 
that follow-up information was not collected 
under 40 days from onset except for 72 cases. 
Of these 72 individuals, 24 had died in less than 
40 days leaving only 48 cases with residual status 
information at intervals less than the originally 
planned 40 days after onset. 

There were 1,050 individuals who at the time 
of the follow-up visit had recovered without 
residual findings and 366 who had some type of 
residual (24.9%). The cases with residual (Table 
13) at the time of the follow-up visit were evenly 
divided between Group A (184) and Group B 
(182). 

Table 13 that recovery without 
residuals decreases as age increases. Of those 
under 20 years of age 82% made complete 
recoveries. This figure drops to 66% for young 
adults and 53% for older adults. Group A re- 
siduals suggesting probable continuing liver 
involvement are slightly higher for females than 
for males of all ages. By individual age groups 
this difference is observed up to 40 years of age 
after which the rates are approximately equal, 
being 12.9% for males and 12.2% for females. 

Group ‘B residuals which are milder and also 
less specific occur slightly more often in females. 
By individual age groups there is no consistency 
of pattern. Males are higher in both the 10 to 19 
and 20 to 39 age groups. After 40, however, it 
appears that females report symptoms such as 


indicates 
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TABLE 14 


Deaths by stated underlying cause by interval from 
onset to death, 1955-1956 





Onset to death 
(Interval in days) 





Underlying cause | ] l 
} | | | | 100 
\Total] 0-39 40-59 60-99 | and 
| | over 





Total | 53 | 24 
Infectious hepatitis 
Malignant neoplasm 


| 

| 

| 
40 | 20 


2i— 


Diseases of 
Blood | 
Heart and circulation} 
Intestine and liver | 
Genito-urinary tract 








anorexia, abdominal pain, fatigue, etc., more 
frequently than do males of the same ages (males 
14.7% and females 21.4%). 

Of the 1,469 cases with known recovery status, 
53 terminated fatally giving a case fatality for 
the series of 3.7%. The fatality rate for females 
(4.5%) was higher than that for males (2.9%). 

Table 14 shows fatal cases by the stated 
underlying cause of death; copies of death cer- 
tificates were obtained on each fatal case and 
Table 14 is based upon these records. Forty of 
the 53 deaths were stated on the death certificate 
to be “due to” infectious hepatitis. Twenty of 
these 40 deaths occurred within 40 days after 
onset of illness; the remaining 20 deaths were 
spread over a longer period with seven deaths 
taking place 100 or more days after onset. 

Records on the 13 deaths with underlying 
cause other than infectious hepatitis all men- 
tioned infectious hepatitis as a contributing 
cause of death. Only four of these 13 deaths 
occurred within 40 days after onset of infectious 
hepatitis. 

When deaths are examined by age and sex 
(Table 15), it becomes evident that the risk of 
dying from infectious hepatitis is extremely 
low for persons 0 to 19 years of age. The fatality 
increases but is still low for the age group 20 
to 39..A sex difference in fatality appears in this 
group: with almost the same number of cases 
for the two sexes, the death rate in females was 
three times the rate in males. However, the 
number of deaths was small, three males and 
10 females. For both males and females over 40 
years of age the fatality rate was the highest 
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TABLE 15 
Cases, deaths and fatality rates by age and sex, 1955-1956 





Age groups rage : a 
| Fatality | 
rate (%) 


1469* 
373 
285 
579 
231 


All ages 
0-9 
10-19 
20-39 
40 and over 


3.7 
0.6 
0.4 
13 2 a 
37 16.4 | 


Male 





Fatality | 


Cases Deaths | rate (%) | 





743* 
193 
162 
278 
109 


21 








* Total includes 1 person who did not state his 


observed, with 15.6% of cases involving males 
and 16.4% of those involving females terminating 
fatally. This distribution resembles that found 
in poliomyelitis where attack rates are low in 
persons over 40 years of age but infections 
when they do occur are severe with high fatality 
and residual disability. 


DISCUSSION 
epidemiology of infectious hepatitis 
fragmentary partly because of the 
present lack of etiologic and immunologic tools. 
Dependence on clinical observations of frank 
cases and the inability to recognize inapparent 
infections make the epidemiologic tracing of the 
chain of infection most difficult except in the 
occasional occurrence of an outbreak clearly 


The 


remains 


attributable to a common source. 

Further, much of the present descriptive 
knowledge of infectious hepatitis comes from 
data collected during outbreaks. The present 
study is an incomplete attempt to add to the 
fragmentary knowledge of the clinical disease 
as it appears throughout the community. 

It is interesting to observe that estimated 
attack rates by age are quite high for a large 
part of the life span suggesting that a high level 
of inapparent infection resulting in marked 
immunity in older age groups may not be as 
It further 
interesting to note that secondary cases occur 


common as sometimes thought is 
with considerable although decreasing frequency 
in young adults in households with cases. This 
speaks in support of non-immune susceptibility 
continuing into older ages but does not lend 
much support to the premise that young adult 
parents are at particular risk of infection from 
their children or other members of the household. 


The persistence of arbitrarily defined ‘‘re- 


age. 


siduals” for considerable periods of time in about 
one quarter of all patients is rather striking. 
Not surprisingly, the proportion exhibiting 
residuals is distinctly higher in older age groups. 

The case fatality rate is not a minor matter, 
particularly in the older age groups where the 
proportion who die is 16%. Admittedly in these 
older individuals the attribution of death to 
infectious hepatitis may be actually incorrect, 
death having occurred from other illnesses 
confused with the infectious disease. Such mis- 
taken diagnosis probably cannot account for all 
the incurred risk of fatality however. Among 
the age group 20 to 29, there appears to be an 
increased risk of fatality for females diagnosed 
as having infectious hepatitis as compared with 
males. 

The data presented support the efficacy of 
gamma globulin in protecting against the spread 
of apparent infection among household contacts 
of a recognized case. The present data depend 
upon observation of the use of gamma globulin 
in non-epidemic situations, by and large, and 
therefore represent the practical use of the 
biologic. In view of the frequency of prolonged 
residuals and the fairly high case fatality rate, 
the use of gamma globulin to protect household 
contacts appears justified currently in non- 
epidemic as well as epidemic situations and for 
all age groups. 


SUMMARY 


The present report describes a different ap- 
proach to the study of the natural history of 
infectious hepatitis in the general population. 
Previous investigations have been confined to 
local circumscribed epidemic situations in the 
community or to “closed” populations, e.g., 
institutions or military establishments. 
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For a period of 2 years all cases in the three 
counties comprising the study area were followed 
with an initial and 40-day follow-up visit to each 
household. The illnesses occurring in households 
were examined and the history of gamma globulin 
prophylaxis was obtained for contacts not ill. 
These data made possible evaluation of the 
efficacy of gamma globulin and a description 
of certain elements in the epidemiology of in- 
fectious hepatitis in the 5,434 persons included 
in the study. 

The study deals for the most part with in- 
fectious hepatitis as an endemic disease with 
cases occurring in every age group in all seasons 
of the year and in all sorts of household groups. 
The 1,546 cases are divided on the basis of 
clinical data into ‘‘confirmed” infectious hepatitis 
and “probable” infectious hepatitis. All but 
129 cases fall into the first category. The chief 
difference in the age distribution was a marked 
skewness to younger age groups in the “probable” 
diagnostic category. 

Age specific attack rates were calculated and 
appeared to be biphasic in nature. Young adults 
seemed to be at as high a risk as those in the 
younger age groups. 

Secondary attack rates in 1,160 households 
are presented and appear to be consistently 
lower than those reported in the literature. 
This difference could be related to a number of 
factors; definition of secondary cases and the 
fact that 40% of the household population 
studied received prophylactic gamma globulin 
are probably the most significant factors. 

Attack rates of 2% of the gamma globulin 
protected group contrast sharply with rates of 
18% in those with no prophylaxis. 

Three hundred sixty-six or 24.9% of the 
patients had residual findings. Of these 24.9%, 


’ 


12.6% appeared to have “probable” continuing 


liver damage and 12.3% had other less severe 
residuals. Three and seven-tenths per cent of 


the cases terminated fatally. 
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COMPARATIVE SUSCEPTIBILITY OF ANOPHELES GAMBIAE THEO. 
ANOPHELES MELAS GILES TO INFECTION BY PLASMODIUM 
FALCIPARUM IN LIBERIA, WEST AFRICA* 


ROBERT W. BURGESS 


The Liberian Institute of the American Foundation for Tropical Medicine, Inc., Harbel, Liberia 


In the coastal regions of Liberia two closely 
related anopheline mosquitoes are found: 
Anopheles gambiae and Anopheles melas. In 
general, A. gambiae breeds in fresh water and A. 
melas breeds in the saline tidelands along the 
estuaries of rivers. In this laboratory a thriving 
colony of each species is maintained with dis- 
tilled water being used for rearing A. gambiae 
and a 0.5% wt./vol. NaCl solution for A. melas. 

In order to determine the susceptibility of 
these two species to Plasmodium falciparum a 
series of concurrent feedings 
gametocyte carriers. 


were made on 


PROCEDURE 


Totals of 1,385 A. gambiae and 766 A. melas 
from laboratory colonies were applied to 12 
gametocyte-bearing native Liberians ranging in 
age from 3 years to adulthood. Of these, 888 
A. gambiae and 410 A. melas took blood meals. 
Only one feeding was made on each subject as 
the patients received antimalarial drugs immedi- 
ately after the feeding. For the feedings, mos- 
quitoes 5 to 8 days old were selected. The evening 
prior to the infective blood meal food and water 
were removed from the cages. The following 
morning female mosquitoes were transferred by 
means of an aspirator to 6 x 2 in glass feealing 
tubes lined with cottof net. One end of the tube 
was closed with cotton net and the other with an 
18-mesh plastic screen. A small hole in the screen 
for the introduction of mosquitoes was plugged, 
when not being used, with absorbent cotton. 

From 50 to 60 mosquitoes were introduced 
into each tube. The tubes were covered with 
paper toweling to conceal the presence of mos- 
quitoes and reduce apprehension in subjects 
used for the feedings. 

When feeding was finished, the net was re- 
moved from the end of the tube and the mos- 
quitoes were liberated into a 1 x 1 ft cage. Unfed 

* This investigation was aided by Grant No. 


E 2178 (Cl) from the National Institutes of 
Health, Public Health Service. 


mosquitoes were destroyed. Wet paper towels 
were placed on the cage and a 2 to 3% sugar or 
corn syrup (dark Karo) solution on saturated 
cotton was offered as food. 

Gut dissections for odcysts were started within 
6 to 8 days after infection. Glands were dissected 
soon after mature odcysts were observed. When 
very few mosquitoes survived, gland dissections 
were necessarily eliminated. This occurred es- 
pecially with A. melas. 

RESULTS 

Table 1 shows the biting ratio between A. 
gambiae and A. melas in terms of the number of 
mosquitoes that took a blood meal when applied 
to a patient and incubated under laboratory con- 
ditions of 72 to 89°F and 70 to 100% relative 
humidity. Many (600) A. gambiae were applied 
to the first patient (C. D. I), a 4-year-old girl, 
in order to obtain infected mosquitoes for another 
experiment. The child was extremely frightened 
and the feeding was not normal. The results of 
this feeding are therefore not included in com- 
puting the average numbers that fed. 

In every instance except one (C. D. I) A. 
gambiae fed better than A. melas. In 11 feedings 
50% of the A. melas and 83% of the A. gambiae 
fed, a ratio of 60:100. There was little difference 
between the feedings on children and on adults. 
Whereas 82% of the A. gambiae and 47% of the 
A. melas fed on the children, 84% of the A. 
gambiae and 53% of the A. melas fed on the 
adults. 

Tables 2 and 3 list the results of 278 A. gambiae 
and 150 A. melas gut dissections, and 152 A. 
gambiae and 94 A. melas gland dissections. These 
data are arranged from low to high according to 
the gametocyte counts of the various patients’ 
blood at the time of feeding. The approximate age 
of the patient, the per cent of mosquitoes in- 
fected, and the average number of odcysts per 
infected gut and of sporozoites per infected gland 
are given for each species. 

The results presented in Table 2 show that in 8 
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TABLE 1 


Biting ratios 


A. gambiae A. melas Biting ratios 


Subject f —— aa " 


231, 
40 

42/ 
47/ 


C.D. i 
Cc. D. 
8. 8. 
L. 
G. 

41, 


600 


50 
50 
50 


47/i 


36/6 


38/! 


67/7 


85 


‘a 
137 


Totals or averages* 11 feedings 


* Does not include subject C. D. I. 


TABLE 2 
Guts dissected 


Subject 


Game- 


Age 


tocytes 


per 


A. gambiae A. 


Average 
% cysts 


melas 
Average 
or 


A cysts 
per pos. 


pos. |per pos.| pos. 
| gut 


cmm gut 


96.9) 13.7 |100.0) 15.6 
65.2) 2. 46. A. 
96.3) 15.7 |100.0) 16.5 
100.0; 70.2 100.0 42.5 
100. 83.3) 72. 
86. 80.0) 17. 
91. 82.6 
100. 16. 
78.6 33.: 
61.§ 36.: 
31.6, 51.9 | 33.: 
92.7) 31. 69.: 


Ad. 69 
133 
140 
181 
253 
257 
429 
482 
708 

1166 

1431 

2310 


99 
20. 
94. 
76.5 
74. 
41. 


gambiae melas melas/ gambiae 


78/100 
76/100 


Av. cysts 


of the 12 groups studied the numbers of infected 
mosquitoes and the average numbers of odcysts 
per gut were higher in A. gambiae than in A. 
melas. In all 12 feedings 65% of the A. melas 
and 83% of the A. gambiae became infected, a 
ratio of 78:100. The average number of odcysts 
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in A. melas was 37 and in A. gambiae was 49, a 
ratio of 76:100. By computing the number of 
oécysts in 100 dissections to give a computed 
index (% pos. X average odcysts) we find melas 
with 27,956 and gambiae with 50,999, a ratio 


of 55:100. 


Because A. melas did not feed as well as A. 
gambiae and survival was poor, the number of 
dissections of A. melas glands was small. In only 
5 of the 12 feedings were A. melas gland dissec- 
tions of use. Therefore, our comparisons include 
these same 5 A. gambiae subjects. The results of 
gland dissections indicate that A. melas is slightly 
less susceptible than A. gambiae according to the 
per ,cent infected (97:100) and the sporozoite 
count (90:100). The computed ratio for 
sporozoite density is 86:100. 


DISCUSSION 


Holstein! has reported the probability of 
exophily and zoophily in A. melas. Gelfand* in 
Liberia found sporozoite rates of 1.4% for A. 
melas and 5.7% for A. gambiae, a ratio of 
24.6:100. In view of the above it appears that 
one reason why A. gambiae is the more likely to 
become infected in nature is because it feeds more 
often on humans. Our data, taken from mos- 
quitoes which had no choice but human blood, 
still show that for every 100 A. gambiae offered 
blood 83 fed, but for every 100 A. melas only 
50 took a blood meal. A mosquito’s desire to 
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feed on a human being affects the probability 
of its becoming infected but does not indicate 
its actual susceptibility to infection. 

Gut dissections are probably the most reliable 
criteria for determining the susceptibility of dif- 
ferent species to infection by the malaria parasite 
for the following reasons: 

1. The odcyst count on infected guts is much 
more accurate than the estimate of sporozoite 
numbers can ever be. As it is impractical to 
count huge numbers of sporozoites, the maximum 
infection is recorded as an index of 4 (1,000 or 
more sporozoites). A fairly low number of oécysts 
may produce “4” glands which would be prac- 
tically indistinguishable from the “4” glands 
following a much greater number of odcysts. 
Consequently, though a great number of odcysts 
may produce many sporozoites, this would not 
be indicated by the recorded value as shown by 
a sporozoite density index. 

2. The paucity of mosquitoes (especially 
melas) available for gland dissection reduced 
considerably the value of gland dissections 
for comparative purposes. Since in only 5 A. 
melas feedings mosquitoes survived long enough 


for gland dissections, only the corresponding 5 
A. gambiae dissections could be utilized. The 
lesser value of these data as compared to the gut 
dissection data where all 12 feedings were utilized 
is evident. 

Although readily infected, A. melas under the 
conditions of this experiment was somewhat less 
susceptible to infection by P. falciparum than was 
A. gambiae. The computed index ratio for gut 
dissections was 55:100 and for glands 86:100. 
As noted above the gut infection ratio is presumed 
to be more accurate. 

In neither species was there any apparent cor- 
relation between the intensity of infection and 
such factors as the gametocyte count of the 
patient at the time of feeding, the age of the 
patient or the per cent of mosquitoes that fed. 
Two remaining possibilities, the maturity of 
gametocytes and the occurrence of unusual 
numbers of infertile flagella, may be of importance 
in determining the degree of infection. Further, 
an intrinsic difference in the ability of various 
patients to infect mosquitoes cannot be entirely 
ignored. In laboratories where hundreds of 
patients have been used to infect mosquitoes it 
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has been recognized that certain patients are 
better infectors than are others. 


SUMMARY 


In comparative feedings 888 Anopheles gambiae 
and 410 Anopheles melas fed on 12 African sub- 
jects with naturally acquired Plasmodium 
falciparum infections. Dissections of both guts 
and glands suggested a higher susceptibility in 
A. gambiae than in A. melas. In 11 of these 
feedings (C.D.I was not included because of 
abnormal circumstances) A. gambiae fed con- 
sistently better than did A. melas. 
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The combined factors of greater susceptibility 
and greater desire to feed on humans should make 
A. gambiae considerably more important than 
A. melas as a transmitter of P. falciparum. 
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Carter’s Microbiology and Pathology, by ALice 
LORRAINE Situ, A.B., M.D. 7th edition, 742 
pages, illustrated. St. Louis, The C. V. Mosby 
Company, 1960. $7.50. 

This new edition of a book which has already 
gone through six editions is excellent for the pur- 


pose which it is designed to serve, the guidance 
of paramedical personnel. Furthermore, it is an 
interesting book with a distinctly personal ap- 
proach to the reader. The presentation of subject 
matter is simple, direct, and unencumbered by 
theoretical considerations which can be much out 
of place in an instructional program for paramedi- 
cal workers. The authors have kept their sights on 
the practical and have succeeded in relating both 
microbiology and pathology very closely to the 
everyday problems of human life, individual and 
communal. 

The sources from which the nonoriginal ma- 
terials of this book are drawn are authoritative. 
They are sufficiently limited in number to spare 
the reader the troublesomeness of long bibliog- 
raphies. 

The book is self sufficient as a text for nurses and 
technical workers. It would not be adequate, how- 
ever, as a laboratory manual; it was not intended 
so to be. The authors have not forgotten the 
cultural and general educational aspects of micro- 
biology and pathology as witness the excellent 
sections on the history of these sciences used to 
introduce them. 

The students who use this book will receive 
their instructions through both reading and seeing. 
Good and numerous illustrations not only deco- 
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rate, but teach. The contents are indexed in detail 
and a glossary included. The list of pertinent 
questions on the text material will aid the student 
and save the instructor time. Indeed little in the 
way of essential instructional technique for para- 
medical workers has been overlooked in this well 
thought out book. 

W. D. Forsvus 

DvuKE UNIVERSITY 


Laboratory Identification of Pathogenic Fungi 
Simplified, by Exizapern L. Hazen, Ph.D., 
and Frank Curtis Reep. 2nd ed., 150 + xv 
pages, illustrated. Springfield, Ill., Charles C 
Thomas, 1960. $7.50. 

The first edition of Hazen and Reed’s book 
was published in 1955. The authors’ objective was 
to provide students with the basic information 
needed to identify human pathogenic fungi 
through the use of concise descriptive material 
and well-chosen photographs. 

The second edition appears with a hard cover 
and 42 additional pages. The increase in size results 
from the inclusion of a new section on common 
fungi that are encountered as contaminants in the 
course of laboratory work. Three diseases not pre- 
viously covered have been included: South Ameri- 
can blastomycosis, aspergillosis and mucormycosis. 
The section on candidiasis has been expanded 
and new photomicrographs substituted for several 
of the old ones. The list of references has been 
updated and formulae for several new media 
provided 

This publication covers the human fungous dis- 
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eases under two general headings: superficial 
mycoses and deep-seated mycoses. The cultural 
and microscopic features of each etiologic agent 
are covered in a few paragraphs. The media con- 
sidered to be of value for the development of diag- 
nostic characteristics are cited in tabular form 
together with the significant macroscopic and 
microscopic features of the fungi. Finally a plate 
of black and white photographs illustrates the 
gross and microscopic aspects of the fungi 
discussed. 

A work of this type has a definite but limited 
value to the beginner in medical mycology. The 
summarization of a great deal of information in a 
few pages saves the student hours of search and 
reading. It places within his grasp a fine atlas of 
photographs that help to characterize each 
species. However the emphasis on conciseness has 
led to oversimplification. Basic information 
needed for the differentiation and identification of 
certain fungi has been omitted. For example, most 
of the biochemical tests essential in characterizing 
such fungi as Trichophyton tonsurans, T. verruco- 
sum, Nocardia asteroides and Cryptococcus neo- 
formans from closely related species have not been 
mentioned. The student will need to consult stand- 
ard texts and journals to obtain all the information 
needed to identify human pathogenic fungi. 

Several points require correction or comment. 
The cell wall of the macroconidium of Micro- 
sporum gypseum is not thick-walled. Relative to 
that of M. canis it is thin-walled as is clearly 
shown in Figures 2 and 3. 

Too much emphasis is placed on the production 
of red pigment by 7’. rubrum on dextrose-cornmeal 
agar. Many strains fail to produce red pigment 
on that medium. 

The large variety of colony types produced by 
T. tonsurans is not emphasized and the biochemi- 
cal tests required for identification are not 
described. 

The need to incubate 7. verrucosum at 37°C 
should be mentioned along with the vitamin re- 
quirements of the several physiological types of 
this fungus. 


In addition to C. neoformans two saprophytic 


cryptococci do not assimilate nitrate, C. laurentii 
and C. luteolus. Thus sugar assimilation tests are 
required to distinguish these saprophytes from 
C. neoformans. 

Description of the physiological characteristics 
of the pathogenic fungi, where pertinent, and 
inclusion of biochemical tests would greatly en- 
hance the usefulness of this book. 

This slim volume bound in an attractive hard 
cover is well printed and easy to use. It is con- 
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sidered to be a valuable supplement to currently 
available medical mycological publications. 
LipERO AJELLO 
CoMMUNICABLE DisEAsE CENTER, 
ATLANTA, GA. 


Medizinische Mikrobiologie, Immunologie und 
Epidemiologie, Teil I., by Prof. Dr. Med. Habil. 
GrorcG Wivprinr. Ist edition, 619 pages, illus- 
trated (color). Leipzig, VEB Georg Thieme, 
1959. DM 86.60. 

As soon becomes obvious to a student of recent 
medical publications in the Soviet Union and the 
adjacent republics, workers there are usually deal- 
ing comprehensively with the subjects of micro- 
biology, immunology and epidemiology: a leading 
journal published in Moscow bears the title (in 
translation) of ‘Journal of Microbiology, Epi- 
demiology and Immunobiology’’; a sister organ 
appearing in Prague even that of ‘Journal of 
Hygiene, Epidemiology, Microbiology and Epi- 
demiology,’’ and important congresses are at- 
tended by hygienists, epidemiologists, microbiolo- 
gists and ‘infectionists.’ It is in accord with this 
trend that Professor Wildfiihr of Leipzig, East 
Germany, instead of bringing out a revised edition 
of the small outline of microparasitology and the 
infectious diseases by Max Gundel (second edition, 
1944), as was originally planned, decided to com- 
pile a major opus on ‘‘Medical Microbiology, Im- 
munology and Epidemiology,’’ the ponderous first 
volume of which is now available. This deals with 
the general aspects of the problems referred to in 
the title and also with the special problems of the 
pathogenic microorganisms except the vibrios, 
spirillas and spirochetes, the pathogenic organisms 
of the pleuropneumonia group, the bartonellas, 
rickettsias and the viruses which, like the patho- 
genic protozoa and fungi and the larger animal 
parasites, will receive attention in the second 
volume. 

Besides the above enumerated topics, the first 
volume contains a most elaborate discussion of the 
blood groups and the properties of the blood cor- 
puscles; a section dealing with sulfonamides, anti- 
biotics and tuberculosis statica; one on disin- 
fection and one on the application of statistics, 
all of which also go far into details. 

While one must appreciate, if not admire, the 
manner in which the author copes with his gigantic 
task, one can not help to note quite a few (sit venia 
verbo) small sins of commission and of omission. 
To quote an example, it is stated on p. 485 that in 
the treatment of plague ‘‘among the antibiotica 
success is said to have been obtained with Strepto- 
mycin, while experimentally Aureomycin, Terra- 
mycin, Chloromycetin and Neomycin have been 
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also found useful.’’ This is the truth, but not by 
any means the whole truth! 

On the whole, however, the book contains in its 
clearly written text an enormous amount of in- 
formation on the subjects dealt with and thus will 
be valuable for advanced workers. Whether the 
work, which definitely is a “handbook” in the 
German sense of the word and not a textbook, will 
also prove suitable for the instruction of students, 
as expressly intended, is a matter for considerable 
wonder. 

A joint subject index, together with a reference 
list, will be inserted into the second volume. 

R. PouiitzER 
Wasuinoton 5, D. C. 


A Short Synopsis of Human Protozoology and 
Helminthology, by L. R. 8S. MacFar.ane, 
O.B.E., M.D., M.A., D.P.H. Bria’r. (illus- 
trated by R. M. Leacn, B.E.M.). Ist ed., 251 + 
vii pp. Baltimore, Md., The Williams and Wil- 
kins Co. (exclusive U. 8. agents), 1960. $7.50. 
Dr. MacFarlane’s little book should be useful 

in the smaller and less comprehensive classes in 

human parasitology. It is concise yet includes 
mention of essentially all the protozoan and hel- 
minthic parasites of significance in medicine. 

Medical entomology is not included. No references 

are shown. As is clearly stated in the Preface, 

much of the work is a condensation of material 


from one of the large texts in parasitology, al- 
though some of the author’s own findings and 


experience are also presented. There is an 
Appendix devoted to simple staining methods and 
a Glossary of lesser known terms. 

The illustrations are particularly good and some 
are in color. Unfortunately, no structural details 
are labelled in the figures even though the book 
emphasizes rather heavily, as it should, the mor- 
phology and life cycles of parasites. Moreover, no 
magnifications or comparative sizes of parasites 
are indicated in the pictures. The reader might 
well assume, from the pictures alone, that the male 
and female Ascaris were the same in size, for 
example. 

As the foregoing may imply, the book is not 
intended for advanced workers in the field of 
parasitology, but would probably be quite useful 
for those requiring only a more limited review of 
the medically important protozoan and helminthic 
parasites. Most sections are adequate in content, 
although the discussions of treatment appear 
rather poor, offering only a listing of the drugs 
which have been reported to have usefulness. The 
book is rather easy to read, if only because there 
is less to read 

James T. CULBERTSON 
E. R. Squiss & Sons, 
New York 22, New York 
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Skin Diseases in the African, by G. H. V. CLarxe, 
M.A. (Cantab.), M.B.B.S. A.R.I.C. 172 + viii 
pages, illustrated. London, H. K. Lewis & Co., 
Ltd., 1959. £4.4s.0d. 

G. H. V. Clarke, who is Senior Specialist 
(Dermatology), H.M. Overseas Medical Service 
in the Federation of Nigeria, has presented an 
unusual contribution to dermatologic literature 
in this volume of 172 pages. The author, taking 
advantage of his unique type of dermatologic 
practice, has attempted to collect and classify 
both the usual and the unusual skin diseases as 
they appear in the Negro. His introduction con- 
tains some very interesting observations concern- 
ing the African Negro as a patient, and native 
medicines. 

The relative incidence of different diseases in 
the African and the European forms the principal 
basis for division of the book into ten sections. 
Diseases which appear essentially the same in 
both races are grouped in one section. This is 
followed by those which are relatively rare in 
Africans but common in Europeans. Next come 
those common in the African but rare in 
the European. Later sections deal with diseases 
found exclusively in the African and finally the 
rare diseases of both races. One section is devoted 
to the physiology and histology of the Negro skin, 
one to fungous diseases and one to venereal 
diseases. 

There are 261 photographs in black and white, 
each accompanied by a commentary with emphasis 
on etiology and personal observations concerning 
the entity depicted. Many of these are so brief as 
to be confusing, and some are judged as ques- 
tionably correct as regards diagnosis. 

A very extensive bibliography, alphabetized 
according to diagnosis, occupies 48 pages. A state- 
ment in the Preface, ‘“Much of our knowledge is 
derived from the American Negro who, of course, 
is largely drawn from West African stock,’ makes 
it questionable whether a book entitled “Skin 
Diseases in the African’’ should draw conclusions 
from observations made on the American Negro. 
The American Negro of today, regardless of the 
alleged derivation from West African stock, is too 
varied in physical characteristics to allow such 
conclusions to be tenable. 

As the author himself states, the book is in- 
tended primarily for the practitioner new to 
Africa. Dermatologists as well as the general 
practitioners in other parts of the world will find 
it of limited value. 

J. WALTER WILSON 
University oF SOUTHERN CALIFORNIA 
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Mosquitoes of Medical Importance, by RicuHarp 
H. Foote anp Davin R. Cook. 158 pages, 
illustrated. Agricultural Handbook No. 152. 
Entomology Research Division, Agricultural 
Research Service, U. 8S. Department of Agri- 
culture, Washington 25, D. C., 1959. $2.50. 

This contribution has been prepared by two 
authors who, as members of the U. 8. Department 
of Agriculture, are assigned to the U. S. Federal 
insect identification unit working in the U. S&S. 
National Museum. The support for this publica- 
tion came from the U. 8. Department of the Army. 

As pointed out by the authors, this handbook 
was designed to fill the needs, throughout the 
world, of the U. 8. Military Establishment for a 
means of identifying the significant mosquito 
vectors of disease. This need was certainly firmly 
impressed on us during World War IT. 

The basic objective of the handbook is to pro- 
vide a means for entomologists, working with the 
Military Establishment in any part of the world, 
to identify mosquitoes that are, or are considered 
to be, vectors of some disease of man. The basic 
plan of identification is not with the traditional 
text-type keys, but with picture keys 

The handbook is divided into three major divi- 
sions. First, there is a brief discussion (4 pp.), 
headed Mosquito-transmitted Diseases, of the 
diseases to be considered, their importance, 


general distribution, and notes on epidemiology. 
Second, under the heading, Geographical Dis- 
tribution and Relative Medical Importance of 


Disease-transmitting Mosquitoes Based on 
Pictorial Keys, are listed the mosquitoes in each 
of the 35 areas into which the authors divide the 
world. Under each area there are some general 
comments on the physical features of the area, 
including the countries included in the area. There 
is a short resumé of each disease and the vectors. 
Included is a listing of the known Anopheles in 
each area with the vectors indicated. In this 
second section are the pictorial keys to the larvae 
and adults of the vectors. Third, as a summary 
recapitulation, is the section, Notes on the 
Medically Important Species. In this section 
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information concerning each vector species is 
presented under the topics of bionomics, relation 
to disease and distribution records by countries. 

Finally, the work is documented by a section 
composed of 357 references, a short glossary and a 
detailed index. 

This handbook provides the medical ento- 
mologist with a means of rather quickly identi- 
fying the important mosquito disease vectors in 
any part of the world. No single publication has 
been available previously for this purpose. True, 
as this reviewer complained to the authors early 
in their planning, the nonvector species are not 
included; and nearly every entomologist wishes to 
be able to identify these species. However, to 
prepare a pictorial key for all species would not 
be practical and would, in fact, defeat the stated 
purpose of the present work by adding so many 
noncritical species. 

The illustrations are superb and the text ma- 
terial truly condensed to include only the details 
pertinent to the objectives of the handbook. One 
might regret that at least some illustrations of 
Mansonia were not included. The authors exclude 
this genus from consideration, as filariasis is of no 
military significance. Elephantiasis, of course, is 
unlikely during a military operation, but there 
has been some transmission of filaria to military 
personnel. 

In the listings of species there are, as some 
workers have noted, possible errors in respect to 
certain areas. In a work of this kind, it is necessary 
to use names presented in the literature by various 
workers. It is not possible to examine all the 
specimens of all these workers. As a consequence, 
there will invariably be some errors, but such 
errors are those of other authors. The references 
document the names used by the authors of the 
handbook. 

This handbook is indeed a useful one. It is 
beautifully prepared, and it is hoped more works 
of the same sort may follow. 

B. V. Travis 
CorNELL UNIVERSITY 
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Diagnostic Reagents 
for the Determination of 


ANTISTREPTOLYSIN TITERS 


Bacto-Streptolysin O Reagent is a standardized reagent recommended as an aid in 
the diagnosis of Rheumatic Fever, Glomerulonephritis and other diseases associ- 
ated with Group A streptococcal infections. 


SENSITIVITY TESTS 


The significance of determining bacterial sensitivity is accentuated by the dis- 
covery of increasing numbers of antibiotica, sulfonamides, and other chemothera- 
peutic agents and the development of resistant organisms to one or more of these 
compounds. Sensitivity or resistance is easily determined with Bacto-Sensitivity 
Disks. 


HETEROPHILE ANTIBODIES 
The differential diagnosis of Infectious Mononucleosis requires the use of stand- 
ardized heterophile reagents: 
Bacto-Guinea Pig Kidney 9g Desiccated and Suspension 
Bacto-Beef Cell Antigen, iccated and Suspension 
BLOOD COAGULATION 


Prothrombin determinations require accurately prepared interstandardized 
reagents: 


Bacto-Thromboplastin Bacto-AC Globulin 

Bacto-Prothrombin 2 Stage Reagent Bacto-Sodium Chloride 0.85 Per Cent 
Bacto-Prothrombin Free Beef Plasma Bacto-Sodium Oxalate Solution 0.1 Molar 
Bacto-Prothrombin Free Rabbit Plasma Bacto-Calcium Chloride Solution 0.02 Molar 


LIVER DISEASE 


Differential diagnosis of hepatic disturbances is aided by standardized reagents: 


Bacto-Cephalin Cholesterol Antigen 
Bacto-Thymol Turbidity Reagent Bacto-Kingsbury Turbidity Standards 
Bacto-Thromboplastin and other Prothrombin Reagents 


RENAL FUNCTION 


Phenolsulfonphthalein Ampules, Difco is a carefully prepared injectable recom- 
mended for use in determining renal excretion rate. 


HEMAGGLUTINATION 
OF RED BLOOD CELLS 


Accurately determined by the use of: 


Bacto-Trypsin 1% for Hemagglutination Trypsin, Difco, 1: 250 
Bacto-Hemagglutination Buffer Bacto-Bovine Albumin 30% 
Bacto-Phytohemagglutinin 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 








































